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ing on a strip of paper the dots and lines forming Morse characters 3 


as received overatelegraphline. Its general features areas follows: 


_ A riband or strip of paperis drawn over a roller which is slightly 
indented around its centre. A stylus or blunt point carried by a 
vibrating arm nearly touches the paper. The arm normally is 
motionless and makes no mark on the paper. An armature is 
carried by the arm and an electro-magnet faces the armature. When 





Fig. 285. Inxinc Ro_tLt—ER MEcHANISM OF MorsE RECORDER. 


acurrent is passed through the magnet the armature is attracted 
- and the stylus is forced against the paper, depressing it into the 
groove, thus producing a mark. When the current ceases the 
stylus is drawn back by a spring. 


In some instruments a small inking roller takes the place of the 
stylus, and the roller issmooth. The cut, Fig. 285, shows the plan 
view of the ink-roller mechanism. / is the roller, Z is the ink 
well, Clis the arm by which it is raised or lowered by the electro- 
magnet, as in the embosser. SS is the frame of the instrument, 
and & the arbor to which the arm carrying the armature is secured, 
projecting to the right. A spring is arranged to rub against the 
edge of the inking roller and remove the ink from it. 

The paper is fed through the apparatus by clockwork. At the 
present day sound reading has almost entirely replaced the sight 
reading of the recorder. 


Recorder, Siphon. A recording apparatus in which the inked 
marks are made on astrip of paper, the ink being supplied by a 
siphon terminating in a capillary orifice. | 

In the cut /V S represents the poles of a powerful electro-mag- 
net. A rectangular coil d 6 of wire is suspended between the coils. 


A stationary iron core @ intensifies the field. The suspension wire 


Jf: has its tension adjusted at 2. This wire acts as conductor for 
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_ the current. The current is sent in one or the other direction or 


is cut off in practice to produce the desired oscillations of the coil 
66. A glass siphon 2 J works upon a vertical axis 7. One end /is 
immersed in an ink well #. Its longer end 2 touches a riband of 
paperoo. The thread & attached to one side of the coil pulls the 


siphon back and forth according to the direction of current going 


through the electro-magnet cores. A spiral spring adjusted by a 
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Fig. 286. S1pHON RECORDER. 


hand-screw controls the siphon. In operation the siphon is drawn 
back and forth producing a zigzag line. The upward marks repre- 
sent dots, the downward ones dashes. ‘Thus the Telegraphic Code 
can be transmitted on it. To cause the ink to issue properly, 
electrification by astatic machine has been used, when the stylus 
does not actually touch the paper, but the ink is ejected in a series 
of dots. 


. Reducteur for Ammeter. A resistance arranged as a shunt to 
diminish the total current passing through an ammeter. It is anal- 
ogous toa galvanometershunt. (See Multiplying Power of Shunt.) 


Reducteur for Voltmeter. A resistance coil connected in series 
with a Voltmeter to diminish the current passing through it. Its 
resistance being known in terms of the resistance of the voltmeter 
it increases the range of the instrument so that its readings may 
cover double or more than double their normal range. 


Reduction of Ores, Electric. ‘Treatment of ores by the electric 
furnace (see Furnace, Electric.) The ore mixed with carbon and 
flux is melted by the combined arc and incandescent effects of the 
current and the metal separates. In another type the metal is 
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brought into a fusible compound which is electrolyzed while fused | and plunger. As it touches one wheel it turns it in one direction. 
in acrucible. Finally processes in which a solution of a salt of the q This moves asliding contact in one direction so as to increase a 
metal is obtained, from which the metal 1s obtained by electrolysis, a resistance. ‘This corresponds to a motion of the plunger in one 
aa ae anelnees Aluminum ef ne metal to whose extraction the direction. As the driving wheel moves in the opposite direction 
et described procerece tee es by a reverse action it diminishes the resistance. Thus the increase 
Refraction, Electric Double. Double refraction induced in Bs and decrease of resistance correspond to opposite movements of the 
some materials by the action of either an electrostatic, magnetic y solenoid plunger, and consequently to opposite variations in the 


current. The whole is so adjusted that the variations in resistance 
maintain a constant amperage. The resistance is in the exciting 
circuit of the dynamo. : 


or an electro-magnetic field. 


The intensity or degree of refracting power is proportional to the 
square of the strength of field. a 


Refreshing Action. In electro-therapeutics the restoration of 3 : In Brush’s regulator, which is purely mechanical, a series 
strength or of nerve force by the use of voltaic alternatives, q. v. i dynamo is made to give a constant current by introducing across 


° 


; \) the field magnets a shunt of variable resistance, whose resistance 
Region, Extra-polar. In electro-therapeutics the area or region 4 is changed by an electro-magnet, whose coils are in circuit with 
of the body remote from the therapeutic electrode. : the main current. Carbon resistance discs are used which the 

| F electro-magnet by its attraction for its armature, presses with vary- 
ing intensity. This alters the resistance, decreasing it as the cur- 





Region, Polar. In electro-therapeutics the area or region of 





the body near the therapeutic electrode. rent increases and the reverse. As the connection is in shunt this 
Register, Electric. There are various kinds of electric registers, . action goes to maintain a constant current. 

for registering the movements of watchmen and other service. = , : : : : 

Contact or press buttons may be distributed through a factory. Regulation, Constant Potential. The regulation of constant 

Each one is connected so that when the circuit is closed thereby a t potential dynamios 1s executed on the same lines as that of constant 


current dynamos. If done bya controlling coil, it must for con- 
stant potential regulation be wound with fine wire and connected 
as a shunt for some part of the machine. 


mark is produced by the depression of a pencil upon a sheet or 
disc of paper by electro-magnetic mechanism. The paper is moved 
by clockwork, and is graduated into hours. For each push-button 


a special mark may be made on the paper. The watchman is | Regulation of D : 

: Rabe : | ynamos. ‘The regulation of dynamos so that 
required ve ae button at eS pene ive ne yi they shall maintain a constant ional queens aa the leads of 
ee area ee ‘i is Pe ane ; ee es ime) detector’ lo: snow ne their circuit for multiple arc systems or shall deliver a constant 
whether he has beet aucnding ; current in series systems. Hence two different systems of regula- 
. Register, Telegraphic. A term often applied to telegraph ; tion are required, (a) constant potential regulation—(d) constant 
recorders, instruments for producing on paper the characters of current regulation. The first named is by far the more important, 
the Morse or other alphabet. ; as it concerus multiple arc lighting, which is the system univers- 


Regulation, Constant Current. The regulation of a dynamo ; ally used for incandescent Beane 


so that it shall give a constant current against any resistance in the S. P. Thompson thus summarizes the methods of governing or 
outer circuits, within practical limits. It is carried out in direct regulating dynamios. | Premising that alteration of the magnetic 
current machines generally by independent regulators embodying flux is the almost universal way of control, it can be done in two 
a controlling coil with plunger or some equivalent electro-magnetic ways; first, by varying the excitation or ampere turns of the field, 
device inserted in the main circuit and necessarily of low resist- and second by varying the reluctance of the magnetic circuit. 
ance. In some regulators the work of moving the regulator is The excitation or magnetic flux may be varied (¢) by hand, with 


executed mechanically, but under electrical control; in others the the aid of rheostats and commutators in the exciting circuit; () 
entire work is done by the current. a 7 | automatically, by governors, taking the place of the hand; (c) by 


: | d windings. The magnetic circuit may have its reluc- 
A typical regulator or governor (Golden’s) of the first class com- compen : Overt : 
ptises two driven friction wheels between which isa driving friction tance caused to vary in several ways; (d) by moving the pole picees 


; : : to or further from the armature; (e) by opening or closing © 
heel. which.can engage with one driven wheel only at once. It See e SE ees ) : 
a brought into ep cement with one or the other by a solenoid some gap in the magnetic circuit (field-magnet core) ; (7 ) by draw- 


ing the armature endways from between the pole pieces ; (g) by 
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shunting some of the magnetic lines away from the armature by a 
magnetic shunt. The latter magnetic circuit methods d, é, f, and 
g, have never met with much success except on small machines or 
motors. Method ¢ is adopted in the Edison motor, the yoke being 
withdrawn or brought nearer the cores of the coils. (See Aegula- 
tion, Constant Current—Regulation, Constant Potential.) 


Reguline. adj. Having the characteristics of a piece of metal, 
being flexible, adherent, continuous, and coherent. Applied to 
electrolytic deposits. 


Relative. Indicating the relation between two or more things 
without reference to absolute value of any one of them. Thus one 
lamp may be of relatively double resistance compared to another, 
but this states nothing of the resistance in ohms of either lamp. 


Relay. A receiving instrument which moves in accordance 
with impulses of currents received, and in so moving opens and 
closes a local circuit, which circuit may include as powerful a bat- 
tery as required or desirable, while the relay may be on the other 
hand so delicate as to work with a very weak current. 


ALR 








Fig. 287. RELAY. 


"The typical relay includes an electro-magnet and armature. To 
the latter an arm is attached and the lower end of the arm works in 


pivots. As the armature is attracted the arm swings towards the © 


magnet. When the current is cut off, the armature and arm are 
drawn back by aspring. When the arm swings towards the mag- 
net its upper end touching a contact screw closes the local circuit. 
When it swings back it comes in contact with a second screw, 
with insulated point, and opens the circuit as it leaves the first 
named screw. 

One terminal connects with the arm through the pivots and 
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frame. ‘The other connects with the contact screw through the 
frame carrying it : 
‘Synonym—Relay Magnet. 


Relay Bells. Bells connected by relay connection to a main 
line for acoustic telegraphy. A stroke on one bell indicates a dot and 
on the other adash. ‘The system is now nearly extinct. 


Relay, Box-sounding. A relay which is surrounded by or 
mounted on a resonator or wooden box of such proportions and 
size as to reinforce the sound. This enables arelay to act as a 
sounder, its weak sounds being virtually magnified so as to be 
audible. : 


Relay Connection. A connection used in telegraphy, including 
a local battery, with a short circuit normally open, but closed by a 
switch and a sounder or other appliance. The latter is made very 
sensitive so as to be worked by a feeble current, and is connected 
to the main line. A very slight current closes the switch and the 
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Fig. 288. Retay or Locat Circuit. 


local battery comes into operation to work a sounder, etc. When 
the current ceases on the main line the switch opens and throws 
the local battery out ofaction. Theswitch is termeda ré/ay, q. v. A 
long main line may thus produce strong effects at distant stations, 
the intensity of action depending on the local battery. 


Relay, Differential. Arelay containing two coils wound differ- 
entially, and of the same number of turns and resistance. If two 
equal currents pass through the coils they counteract each other and 
no action takes place. If there is a difference in the currents the 
relay acts as one coil preponderates. The coils may be wound for 
uneyen currents with different resistance and number of turns. 


Relay, Microphone. A relay connection applied to a telephone 
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circuit. It consists of a microphone mounted in front of the dia- 
phragm of atelephone receiver. In circuit with the microphone 
is a battery and second telephone receiver. The microphone is 
supposed to intensify the sounds of the first telephone. 


Relay, Polarized. A relay whose armature is of steel, and | 


polarized or permanently magnetized, or in which a permanent mag- 
net is used as the basis for the electro-magnets. Inthe relay shown 
in the cut the coils shown are mounted on cores carried on the 
_ end of a powerful bent permanent magnet. Thus when no current 
passes their upper poles are both of the 
same sign, and the horizontally vibrat- 
ing tongue is held by the magnetic attrac- 
tion against one or the other pole piece. 
If acurrent is sent through the electro- 
magnet it gives opposite polarity to the 
two polar extensions. As the end of 
the vibrating tongue is of polarity 
determined by the permanent magnet 
it is attracted to one pole and and re- 
pelled from the other. On cessation of 
cutrent it remains attached by the per- 
manent magnetism. If now a current 
is sent in the opposite direction the two 
poles again acquire opposite polarity, 
the reverse of the former, and the tongue flies across to the oppo- 
site side. On cessation of current it remains attached as before by 
the permanent magnetism. | Sap s 

In its movements to and fro the relay tongue opens and closes a 
contact, so as to wotk a sounder or other apparatus. ‘The polar- 
ized relay is of high sensibility, and requires little or no change of 
adjustment. . 
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Fig. 288. POLARIZED ‘RELAY. 


Reluctance. In a magnetic circuit or portion thereof, the resist- 
ance offered to the flow of lines of force. The magnetic circuit 
as has already been stated is treated like an electric circuit, and in 
it reluctance occupies the place of resistance in the electric circuit. 
It is the reciprocal of permeance. S. P. Thompson expresses the law 
thus : 
3 magneto-motive force. 

magnetic reluctance. 


Synonyms—Magnetic Reluctance—Magnetic Resistance. 


Reluctance, Unit of. The reluctance of a circuit through which 
unit magnetizing power (magneto-motive force) can produce a 
unit of induction or one line of force. This value is very high ; 
the reluctance of ordinary magnetic circuits ranges from 10-° to 
1o—* unit of reluctance. ; 


Total number of magnetic lines = 
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Reluctivity. Specific reluctance ; the reluctance of a cube of 
material whose edge measures one centimeter in length. Itisa 
quality bearing the same relation to reluctance that permeability 
does to permeance. 


It is defined as the reciprocal of magnetic permeability. 
(Kenelly.) If plotted asacurve for different values of the mag- 
netizing force it is found to be nearly a straight line, a linear 
function of the magnetizing force, H with the equation a + OH. 
Reluctivity is the property of a substance; reluctance is the 


property of a circuit. 


Remanence. The residual magnetism left after magnetic induc- 
tion, expressed in lines of force per square centimeter. 


Repeater. In telegraphy an ifstrument for repeating the signals 


through asecond line. It is virtually a relay which is operated by 


the sender, and which in turn operates the rest of the main line, 
being situated itself at about the middle point of the distance 
covered. In the simpler forms of repeater two relays are used, one 
for transmission in one direction the other for transmission in the 
other. An attendant switches one or the other in as required. 


Thus a common relay is virtually a repeater for its local circuit. 
If such a relay is placed half way down a line, and if the line 
beyond it is connected as its local, it becomes a repeater. 

Some forms of repeaters are automatic, and repeat both ways 
without the need of an attendant. © | . 


It is the practice to somewhat prolong the signals sent through a 
repeater. | 


Replenisher, Sir William Thomson’s. A static accumulating 
influence machine contained in Thomson’s quadrant electrometer 
and used to change the quadrants. The cut shows the horizontal 
section and construction of the apparatus. 

It contains two gilt brass inductors 4 B, and two eccentric sectors 
or carriers, C, D, which are mounted onan ebonite spindle, which is 
spun around by the fingers. The springs s s' connect each with its 
inductor; the springs SS! connect only each other, and touch the 
sectors as they turn around. | 

One of the inductors may be always assumed to be of slightly 
higher potential than that of the other one. When the carriers are 
in contact with the springs S.S! they are each charged by induc- 
tion with electricity opposite in sign to that of the nearest quad- 


rant. As they leave the springs SS! in their rotation, they next 


touch the springs ss!, but of the recently opposite inductor. They 


share each a portion of its charge with the inductors building up. 
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their charges. The action is repeated over and over again‘as they 
rotate. : 


. Reservoir, Common. - A term applied to the earth, because all 
electrified bodies discharge into it if connected thereto. 








Fig. 289. D1aGRramM oF THomson’s REPLENISHER. | 


Residual Atmosphere. The air left in a receiver after exhaus- 
tion by an air pump. The quantity, where good air pumps are 
used, is very minute. © 3 


Residue, Electric. The residual charge of a condenser. (See 
Charge, Residual.) 


Resin. (a) The product obtained by non-destructive distillation - if 
of the juice of the pitch pine. It is the solid residue left after the 
turpentine has been evaporated or distilled. It is a mixture of | 
abietic acid C,, H,, O;, and pinic acid C.) Hy) Op. It is an insulator ; 
its specific inductive capacity is 2.55. (Baltzmann.) : | 
Synonyms—Colophony—Rosin. | 


(6) The name is also generally applied to similar substances 
obtained from the sap of other trees; thus shellac isaresin. The 








SO . - / 
Enea rn eee pa ay A . aaa a baer a Ne aah Se cei an 5 wa sty ea er —renetoant 
A ; i: SEIN ey Nee ee ree a ate eA a Sa OR ren tt, 2 ws 


—- eh = - 
telus Sait aren paterais 


STANDARD ELECTRICAL DICTIONARY. 461 


resins are a family of vegetable products ; the solid portions of the 
sap of certain trees. Common resin, lac, dragons blood, are 
examples. They are all dielectrics and sources of resinous or 
negative electricity when rubbed with cotton, flannel, or silk. (See 
Electrostatic Series.) 





Fig. 290, THomson’s REPLENISHER. 

Resinous Electricity. Negative electricity ; the electricity pro- 
duced upon the surface ofa resinous body by rubbing it; such a 
body is shellac or sealing wax ; flannel and other substances may 
be used as the rubbing material. (See Electrostatic Serves.) 


Resistance. (a) The quality of an electric conductor, in virtue 
of which it opposes the passage of an electric current, causing the 
disappearance of electro-motive force if a current passes through 
it, and converting electric energy into heat energy in the passage 
of a current through it. If a current passes through a conductor 
ofuniform resistance there is a uniform fall of potential all along 
its length. If of uneven resistance the fall in potential varies 
with the resistance. (See Potential, fall of.) 

The fall of potential is thus expressed by Daniell. “In a con- 
ductor, say a wire, along which a current is steadily and uniformly 
passing, there is no internal accumulation of electricity, no density 
of internal distribution; there is, on the other hand, an unequally 
distributed charge of electricity on the surface of the wire, which 
results in a potential diminishing within the wire from one end 
of the wire to the other.’’ 

Resistance varies inversely with the cross section of a cylindrical 
or prismatic conductor, in general with the average cross-section 
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ofany conductor, and in the same sense directly with its true or 
average or virtual length. It varies for different substances, and 
for different conditions as of temperature and pressure for the 
same substance. A rise of temperature in metals increases the 
resistance, in some bad conductors a rise of temperature decreases 
‘the resistance. 


Approximately, with the exception of iron and .mercury, the re- 
sistance of a metallicconductor varies with the absolute tempera- 
ture. Thisis very roughly approximate. 


Except for resistance energy would not be expended in main- 


taining a current through a circuit. The resistance of a conduc- | 


tor may be supposed to have its seat and cause in the jumps from 
molecule to molecule, which the current has. to take in going 
through it. If soa current confined to a molecule would, if once 
- started, persist because there would be no resistance in a molecule. 
Hence on this theory the Ampérian currents (see Magnetism, 
Ampére’s Theory of) would require no energy for their mainten- 
ance and Ampére’s theory would become a possible truth. 


When metals melt their resistance suddenly increases. 


Light rays falling on some substances, notably selenium, q. v., 
vary the resistance. 


Longitudinal stretching of a conductor decreases it, it increases 
with longitudinal compression, and increases in iron and dimin- 
ishes in tin and zinc when a transverse stress tends to widen the 
conductor. i 


(6) The term resistance is used to express any object or conduc- 
tor used in circuit to develop resistance. : 


Resistance, Apparent. Impedance; the virtual resistance of a 
circuit including the spurious resistance due to counter-electro- 
motive force. It may be made up of true resistance and partly of 
an inductive reaction, as it represents the net factor, the entire 
obstruction to the passage of a current, and not merely a super- 
added resistance or counter-electro-motive force. 


Synonym—Impedance. 


Resistance, Assymmetrical. Resistance which varies in 
amount in different directions through aconductor. It implies a 
compound or composite conductor such as the human system. 
The presence of counter-electro-motive force in different parts of 
a conductor may bring about assymmetrical resistance. 


Resistance, B. A. Unit of. The British Association Ohm. (See 
Ohm, B. A.) 


Resistance Box. _ A box filled with resistance ‘coils. The 
coils are connected in series so that a circuit including any given 
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number has their aggregate resistance added to its own. The 
terminals of consecutive coils are connected to short blocks of 
brass which are secured to the top of the box, lying flatwise upon 
it, nearly but not quite in contact with each other. Plugs of brass 
are supplied which can go in between pairs of blocks, which have 















































































































































































































































































































































































































































































































































Fig. 291. RESISTANCE Box. 


a pair of grooves reamed out to receive them. Such plugs short 
circuit the coil below them when in position. The cut shows 
how such coils are connected and the use of plugs to short circuit 
them. ‘The diagram shows the top of a Wheatstone bridge, q. v., 
resistance box with connections for determining resistances. 


Resistance Box, Sliding. A resistance box whose coils are 
set in a circle. Two metal arms with handles are pivoted at the 
centre of the circle and by moving them around they make and break 
contacts so as to throw the coils in and out of circuit. The object is 
to permit an operator to adjust resistance without looking at the 
box—an essential in duplex telegraphy. | | 


Resistance, Breguet Unit of. The same in origin as the Dig- 
ney Unit. (See Resistance, Digney Unit of.) 

It is equal to 9.652 Legal Ohms. 

Resistance, Carbon. A resistance, a substitute for a resistance 


coil; it is made of carbon, and is of various construction. In the 
Brush dynamo regulator a set of four vertical piles of plates of 


retort carbon, q. v., is used as a resistance, whose resistance is: 


made to vary by changing the pressure. This pressure automatic- 
ally increases as the current strength increases, thus reducing 
the resistance. 
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Resistance Coil, Standard. A standard or resistance issued by 
the Electric Standard Committee of Great Britain. The cut shows 
the standard ohm. It is formed either 
of German silver, or of an alloy of silver, 
66.6 per cent. and platinum, 33.4 per cent. 
The wire is insulated and doubled before 
winding as described before. (See Cozi, 
Resistance.) ‘The two ends of the wire are 
soldered, each one to a heavy copper 
wire or rod ~. The whole coil is en- 
closed in a brass case, and is enclosed 
with paraffine meltedinat d. A place fora 
thermometer is provided at 7. By im- 
mersing the lower part of the case 4 in 
water of different degrees of heat any 
desired temperature can be attained. ~ 


Resistance, Combined. The actual 
resistance of several parallel conducvors 
Fig. 292. STANDARD Oum Cott. starting from the same point and ending 

at the same point. If the individual resist- 
ance beabcd..... aud the combined resistance be 4 then we 
have I : ere 


oR 
I I I I 
ape ta 
Synonym—Joint Resistance. 








Resistance, Critical. Inaseries wound dynamo the resistance 
of the outer circuit above which the machine will refuse to excite 
itself. 


Resistance, Dielectric. The mechanical resistance of a dielec- 
tric to the tendency to perforation or to the strains due to electri- 
fication. This is a phase of mechanical resistance, and is distinct 
from the electrical or ohmic resistance of the same substance. 


Resistance, Digney Unit of. The resistance of an iron wire, I 
kilometer long, 4 millimeters diameter, temperature unknown. 


It is equal to 9.163 legal ohms. 


Resistance, Electrolytic. The resistance of an electrolyte to 
the passage of a current decomposing it. It is almost entirely 
due to electrolysis and is added to by counter-electro-motive force, 
yet it is not treated specifically as such, but as an actual resistance. 
When a current of a circuit of too low voltage to decompose an 
electrolyte is caused by way of immersed terminals to. pass through 
an electrolyte the resistance appears very high and sometimes 
almost infinite. Ifthe voltage is increased until the electrolyte is 
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decomposed the resistance suddenly drops, and what should be 
termed electrolytic resistance, far lower than the true resistance 
appears. 


Resistance, English Absolute or Foot=-Second Unit of. A 
foot ; 


unit based on the foot and second. It is equal to 4 
on 


10’, 





being based on these dimensions. 
‘It is equal to .30140 legal ohm. 


Resistance, Equivalent. A resistance equivalent to other 
resistances, which may include counter-electro-motive force. 


Resistance, Essential. The resistance of the generator in an 
electric circuit ; the same as 7ternal resistance. . 


Resistanice, External. In an electric circuit the resistance of 
the circuit outside of the generator, or battery. 


Synonym—Non-essential Resistance. 


Resistance Frame. An open frame filled with resistance coils 

of iron, or German silver wire. It is used as a resistance for 
ith 
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Fig. 293. RESISTANCE FRAME. 


dynamos and the larger or working class of plant. The coils are 
sometimes connected so that by a switch moving over a row of 
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Studs one or more can be thrown into series according to the stud 
the switch is in contact with. 


Resistance, German Mile Unit of. The resistance of 3,238 
yards of iron wire % inchin diameter. Itis equal to 56.81 legal 
ohms. 


Resistance, Hittorf’s. A high resistance, often amegohm, com-. 

, : posed of Hittorf’s solution, q. v. It is con- 
tained in a vertical glass tube near whose 
upper and lower ends are electrodes of 
metallic cadmium attached to platinum wires. 
The cadmium is melted in glass tubes, the 
platinum wire is inserted into the melted 
metal and the tube is broken after all is solid. 
The resistance should show no polarization 
current. 


Resistance, Inductive. <A resistance in 
which self-induction is present ; such as a coil 
of insulated wire wound around an iron core. 


Resistance, Insulation. ‘The resistance of 
the insulation of an insulated conductor. It 
is stated in ohms per mile. Itis determined 





Fig. 294. mS ; 3 é a 
Herons Reserance: by immersing asection of the line in water 


and measuring the resistance between its con- 
ductor and the water. ‘The section must be of known length, and. 
its ends must both be above the liquid. : 


Resistance, Internal. ‘The resistance of a battery, or generator. 


in an electric circuit as distinguished from the resistance of the rest 
of the circuit, or the external resistance. 


Synonym—Essential Resistance. 


Resistance, Jacobi’s Unit of. The resistance of a certain cop- 
per wire 25 feet longand weighing 345 grains. | 


It is equal to .6296 legal ohm. 


Resistance, Matthiessen’s Meter-gram Standard. The resist- 
ance of a pure hard drawn copper wire of such diameter that one 
meter of it weighs one gram. It is equal to .1434 Legal Ohms 
ato” C..(327 BF.) 7. es 

Resistance, Matthiessen’s Unit of. The resistance of a stand- 
ard mile of pure annealed copper wire I-16 inch diameter, at a 
temperature of 15.5° C. (60° F.) 

_It is equal to 13.44 legal ohms. 


Resistance, Meter-millimeter Unit of. The resistance of a wire 


Te 
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of copper one meterlong and one square millimeter in section. It 
1s equal to .02057 ohms at 0° C. (32° F.) The term may also be 
applied to the resistance of similar sized wire of other metals. 


Resistance, Mil-foot Unit of. The resistance of a foot ofcopper 
wire one-thousandth of an inch in diameter. It is equal to 9.831 
ohms at o° C. (32° F.) The term may also be applied to the resist- 
ance of similar sized wire of other metals. 


Resistance, Non-essential. The resistance of the portion of 
an electric circuit not within the generator; the same as external 
resistance. 


Synonym—External Resistance. 


_ Resistance, Non=inductive. A resistance with comparatively 
little or negligible self-induction. 


Resistance of Human Body. The resistance of the human 
body is largely a matter of perfection of the contacts between its 
surface and the electrodes. It has been asserted that itis affected 
by disease. From 350 to 8,000 ohms have been determined as 
resistances, butso much depends on the contacts that little value. 
attaches to the results. 


Resistance, Ohmic. True resistance measured in ohms as 
distinguished from counter-electro-motive force, q. v. The latter 
is called often spurious resistance. 


Synonym—True Resistance. 


Resistance, Reduced. The resistance of a conductor reduced 
to ohms, or to equivalent lengths of a column of mercury, I square 
millimeter in cross area.‘ | WE Es 


Resistance, Siemen’s Unit of. The resistance of a column of 
mercury I meter long and I square millimeter cross-sectional area 
ato C.- (20225) 3 

It is equal to .9431 legal ohm.» 


Resistance, Specific. The relative resistance of a substance. 
It is expressed as the actual resistance of a cube of the substance 
which is one centimeter on each edge. For metals it is usually 
expressed in microhms, for liquids in ohms. 

The resistances of a specified length of wire of specified diameter 
of different substances is often given, and is really a particular way 
of stating specific resistances. 

Synonym—Specific Conduction Resistance. | 

Resistance, Spurious. The counter-electro-motive force, q. v., 


operating to prevent a current being produced of what should be its 
full strength were the true resistance and actuating electro-motive 
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force only concerned. Such counter-electro-motive force may be 
treated as a spurious resistance and such a value in ohms assigned 
to it as would correspond to its proper effect. | 

In its effect on opposing a current and in resisting its formation 
it differs from true resistance. The latter in diminishing current 
strength absorbs energy and develops heat; spurious resistance 
opposes and diminishes a current without absorption of energy or 
production of heat. 


Resistance, Steadying. When arc lamps are connected in > 


parallel or multiple arc a small resistance coil is sometimes placed 
in series with each lamp for steadying purposes. It reduces the 
percentage of variation of resistance in each lamp, which may be 
caused by a change in the position of the carbons. 


Resistance, Swiss Unit of. A unit constructed by the ‘‘dda- 
ministration Suissé,’? based on the same data as the Breguet and 
the Digney Units. (See Resistance, Digney Unit of.) | 

It is equal to 10.30 legal ohms. 


Resistance, Thomson’s Unit of. A unit of resistance based on — 


the foot and second. 
It is equal to .3166 legal ohm. 


Resistance, Unit. Unit resistance is that of a conductor in 
which unit current is produced by unit electro-motive force. 


Resistance, Varley’s Unit of. The resistance of a standard 
mile of a special copper wire 7, inch diameter. 

It is equal to 25.33 ohms. 

Resistance, Weber’s Absolute Unit. A metric system unit , 
meter : ; 
second : 

It is equal to .go89 legal ohm. | 

Resonance, Electric. A set of phenomena known as the Hertz 


experiments are grouped under this title, which phenomena are 
incidents of and depend on the propagation of electric waves 





through wires or current conductors, as well as through the ether. | 


Ordinarily a wire is only a seat of current, and is in its nature in- 
consistent with wave propagation through its mass. Such waves 
are virtually confined to the exterior of the wire. The point is 
that the current-producing force is supposed to enter the wire at 
all points from without, the current not being produced by an end- 
push. Hence in rapidly recurring waves which are produced by a 
rapidly pulsatory or alternating current, no time 1s afforded for the 
current-producing force, in this case the wave-producing force, to 
penetrate into the substance of the wire. In one of his experi- 
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ments Dr. Hertz surrounded a wire by a glass tube chemically 
silvered. The coating was so thin as to be translucent. Through 
this metallic layer a current could be induced in the wire in its 
interior. Any mechanical layer of metal took up the induction 
itself, and protected the central wire. This gave a clue to the 
thickness of metal penetrated by the rapid induced waves used by 
Dr. Hertz. 


The method used for the production of rapid oscillations is the 
following. To the terminals of an induction coil two metal spheres 
AA’ are connected as shown. This apparatusis termed the exciter ; 





Fig..295. ELEcTRICAL RESONANCE EXCITER. 


in itsdischarge a series of isochronous discharges takes place, alter- 
nating in direction. The period of duration 7 ofa single one is 


given by the formula 727 LC, in which C is the capacity 
and Z is the self-induction. The spheres may be 30 centimeters 
(11.8 inches) in diameter, connected each to conductors .5 centi- 
meter (.2 inch) in diameter and 40 centimeters (15.7 inches) long 
each. For the length of an undulation the formula gives for this 
apparatus 4.8 meters (15.75 feet) as the length of a wave, assuming 
for them the velocity of propagation equal to that of light. The 
exciter may have 10,000 times the rate of oscillation possessed by 
the plain induction coil. : 


When this apparatus is worked it produces induced waves in 
every neighboring conductor. The resonance effects appear in the 
size of the spark induced. Thus a wire bent into a circle with its 
ends nearly touching will give a spark, but if made of proper elec- 
trostatic capacity, corresponding with the particular waves em- 
ployed, the spark will be very much larger. The ring, with its 
spark gap is termed aresonator. It is used as an explorer to trace 
the waves. 


Waves thus produced are transmitted by stone walls and non- 
conductors in general. A plate of zinc reflects part and transmits 
part. The reflected waves can be traced by the resonator, their 
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angle of reflection being equal to their angle of incidence. They 
can be received by one parabolic reflector, reflected to another and 
brought to a focus. They can be reflected so as to produce inter- 
ference or loops and nodes, and the loops and nodes can be traced 
by the resonator. By a prism of asphalt they are refracted exactly 
like light. 

From all this it is concluded that an additional proof is furnished 
of the identity of light and electro-magnetic waves, and a very 
strong experimental proof of Maxwell’s theory of light is furnished. 


Synonym—Hertz’s Experiments. 


Resonator, Electric. A small open electric circuit, with ends 
nearly touching. When exposed to electricresonance, or to a sym- 
pathetic electric oscillatory discharge, a spark passes from across 
the gap. The production of this spark is altogether a matter of the 
inductance of the resonator. The simplest form is a circle of cop- 
per wire with its ends nearly touching. The length of the gap is 





5M 


Fig. 296. ELEcTricAL RESONATOR, 


adjustable by bending. A screw adjustment may also be provided. 
Another form is shown in the cut, Fig. 296. Here sheets of tin- 
foil are used to regulate the electrostatic capacity, while at 7 is 
shown the finger piece for regulating the size of the spark gap @. 


Synonym—Spark Micrometer. 


Resultant. ‘The line indicating the result of the application of 
two or more forces to a point. Its direction and length give the 
elements of direction and intensity. (See Horces, Resolution of— 
Forces, Composition of—Components.) 3 


Resultant Polarity. ‘The magnetic polarity imparted to a mass 
of iron acted on by two or more separate inducing forces or cut- 
rents. It appears in dynamos and motors. The final polarity is 
the resultant of the inducing effect of the field magnet poles and of 
the windings. 


Retardation. In telegraphy a retardation of the rate of trans- 
mission of signals. It is due to several causes. 


(a) The self-induction of the circuit, especially if it includes 
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many electro-magnets, produces extra currents (see Currents, 
Extra.) These are opposed to the main current on closing it and 
hence retard the action. They are in the same direction on open- 
ing it and hence again retard the action. 

(6) Every line has a certain static capacity. ‘This is affected by 
the proximity of the lines to the earth. For each signal electricity 
has to be charged upon the line until the line 1s charged to its end 
with a certain proportion of the initial density. This charging 
takes time and hence introduces retardation. 

(c) The cores of the electro-magnets of the relays or sounders 
are not instantly magnetized and demagnetized. This magnetic 
lag, q. v., introduces retardation. 


Retardation of Phase. The fractional lagging behind of waves 
or alternating currents; by lagging behind a portion of a wave 
length the corresponding phases, as of full amplitude, are kept back 
or retarded. ‘The phase of current intensity may be retarded with 
reference to the electro-motive force by the introduction of trans- 
formers of high capacity with high resistance on open secondary 
circuits. 


Retentivity. Coercitive or coercive force ; by virtue of which 
steel retains its magnetism. It is the more modern name, ‘‘ coet- 
cive force?’ as a term being rejected by many. 


Synonyms—Coercive Force—Coercitive Force. 


Retort Carbon. Carbon deposited in coal gas retorts from 
decomposition of the hydrocarbons. It is a very hard, pure form, 
and is-‘of graphitic modification. Owing to its great hardness it 1s 
little used for electrical purposes, the molded carbons being easier 
to make. The deposition occurs in the regular gas-making 
process, and is a disadvantage to the working. : 


Return. A line or conductor: which is supposed to carry cur- 
rent back to its starting point, after it has traversed aline. it may 
be a wire or the grounding of the ends of aline may make the 
earth act as a return, termed ground- or earth-return. The best _ 
distinction of a return is to so term the portion of a circuit on 
which no apparatus is placed. 


Reversibility. The principal in virtue of which a device for pro- 
ducing a given form of energy can absorb the same and do work. 
The reversibility of the dynamo is its quality in virtue of which it 
can act as acurrent generator, thereby converting mechanical 
energy into electric energy, or if a current 1s passed through it, it 
rotates, doing work, and thereby converting electric energy into 
mechanical energy. ‘The knowledge of this principle can be 
traced back to Jacobi in 1850. 
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Reversible Bridge. A form of Wheatstone’s Bridge adapted for 
reversal of the positions or interchange of the proportionate arms, 
q: v., so that the accuracy of the coils can be tested. 


Rheochord. An apparatus by means of which variable quanti- 
ties of wire are thrown into the circuit ; a rheostat using wire. (See 
feheostat, Wheatstone’s.) 


Rheometer. A galvanometer. (Odsolete.) 


Rheomotor. A source of current; a current generator; a 


producer of potential difference. (Odsolete.) 


-Rheophore. The portion ofan active circuit capable of deflect- 
ing a magnetic needle. This properly includes all of the metallic 
conductor of a circuit. (Odsolete.) : | 


Rheoscope. A galvanoscope ; an instrument for qualitatively 
detecting potential difference, fall or rise. (See Galvanoscope.) 


Rheostat. An adjustable resistance; an apparatus for changing 
the resistance without opening the circuit. Its action may 
depend on the introduction of variable lengths of mercury column, 
of some other liquid, or of wire into a circuit. (See Rheostat, 
Wheatstone’s.) 


Rheostat Arm. The third arm of known resistancein a Wheat- 
stone bridge. (See Proportionate Arms.) 


Rheostatic Machine. An apparatus for increasing potential 
difference. It consists ofa number of static condensers. They are 
charged in multiple arc or in parallel, and are discharged in series. 
Secondary batteries may be used for the charging; thus a static 
effect is produced from a galvanic battery. 


Rheostat, Wheatstone’s. Thisapparatusconsists of two cylin- 
ders, one, A, made of brass, the other, B, of wood, with a spiral 
groove. At its end isacopper ring a. A fine brass wire has one 
end attached to this ring. Its other end is fastened at ¢, and it is 
wound as shown; 2 and.o are binding screws connected, one with 
the cylinder-ring a, the other with the brass cylinder, 4. The cur- 
rent entering at 0, traverses the wire on B, as there the windings 
- are insulated by the grooves, thence it passes to and by A, 
whose metal short circuits all the wire on it, to the binding-post 
m. The handle, d, is turned one way or the other to regulate 
the length of the wire through which the current must pass. On 
each cylinder there is a square head, one of which is shown at c, so 
that the handle can be shifted from one to the other as required ; 


to A if the wire is to be wound on that cylinder, to Bif the reverse 


is desired. 





STANDARD ELECTRICAL DICTIONARY. 473 


Rheotome. An automatic circuit breaker, one which rapidly 
opens and closes a circuit, as in the case of the primary ofan induc. 
tion coil aninterrupter. (Odsolete.) | 
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Fig. 297, WHEATSTONE’S RHEOSTAT. 


Rheotrope. A pole changer, current. reverser, or commutator, 
€. g-, such as the commutator of an induction coil. (Odsolete.) 


Rhigolene. A petroleum product; a hydrocarbon of low boil- 
ing point. Its vapor is used in flashing (q. v.) carbon filaments 
for incandescent lamps. 


Rhumbs. Ina mariners’ compass, the thirty-two points, desig- 
nated, zorth, north by east, north north east, etc. (See Compass 
Mariner’s—Compass, Points of the.) 


Rhumkorff Coil. The induction coil, q. v. 


Rigidity, Molecular. The tendency of molecules to resist 
rotation or change of position; the assumed cause of magnetic 
coercive force, or retentivity. 


Ring Contact. A contact formed by a terminal clip in the 
shape of a ring, split or cut at one point so that its ends tend to 
spring together. ‘The other terminal is a bar which passes into the 
cut and is tightly pressed by the elastic ring. 


Ring, Faraday. A closed ring of iron used as the core of a 
transformer or induction coil. The term is derived from Faraday’s 
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classic experiment with such an apparatus when he produced a 
spark by induction in a secondary circuit. 
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Fig. 298. SwitcH witH Rine Contacts. 


Roaring. A term applied to the noise sometimes produced in a 
voltaic arc, when the electrodes are close together and a heavy 
current is passing. 3 : 

Rocker. In adynamo the movable piece, mounted concentric- 
ally with the commutator, and carrying the rocker-arms and brush- 
holders. By moving it the brushes are adjusted for proper lead. 


Rocker Arms. The arms projecting from a rocker and each 
carrying one of the brush-holders. 


Roget’s Spiral. An experimental apparatus for illustrating the 
mutual attraction of currents going in like direction. A cylindri- 
cal helix or spiral of wire is suspended by one end. Its lower end 
just dips into a mercury cup. An active circuit 1s connected, one 

‘terminal to the upper end, the other terminal to the mercury cup, 


bringing the apparatus in series into the circuit. The current as 


it passes causes the coil to shorten, each spiral attracting its neigh- 
bors. This breaks the circuit by drawing the lower end out of the 
mercury cup. The current being cut off the coils cease to attract 
each other, and the end dips into the mercury cup again. This 
closes the circuit, the coils again attract each other and the same 
sequence follows and is repeated over and over again. A bright 
spark is produced at each break of the mercury contact. 


Rotation of Liquids, Electro-dynamic. By passing a current 
through a liquid, such asdilute sulphuric acid, it rotates if exposed 
to the induction of a current flowing at right angles to it. Acie 
condition resolves itself into a liquid traversed by horizontal cur- 
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rents from centre to circumference or vice versa, rotated by acurrent 7 
passing through a circular conductor below it. 


_ Rotation of Liquids, Electro-magnetic. The rotation produced 
in a liquid carrying centripetal or centrifugal currents by an electro- 
magnet. It is practically an intensification of electro-dynamic 
rotation. (See Rotation of Liquids, Electro-dynamtic.) 


Rubber. Ina frictional electric machine the cushion of leather 
which is pressed against the plate as it rotates. 


S. (a) Symbol for second. | 
(6) Symbol for space, or length; L, is preferable. 
(c) Symbol for south-seeking pole of a magnet. 


Saddle Bracket. A bracket carried on the top of telegraph poles, 
catrying an insulator for the upper wire. | 


Safety Device. (a) A device to prevent overheating of any 
portion of a circuit by excess of current. It generally consists of a 
slip of fusible metal which if the current attains too much strength 
melts and opens the circuit. To ensure its breaking a weight is 
sometimes suspended from the strip. In one form an insulated Ger- 


man silver wire is wrapped around the end of the fusible stripa num- 


ber of times and its end is connected to it. The other end of the 
German silver wire connects with the main lead, so that all the cur- 
rent goes through both in series. If the German silver wire 
becomes heated from excess of current the coil wrapped tightly 
around the end of the fusible strip melts it and opens the circuit. 


(6) Lightning arresters, q. v., may be cited under this heading. 
Synonyms—Automatic Cut Out—Safety Fuse, Plug, or Strip. 


Safety Fuse. A strip of metal inserted so as to form part of a 
circuit and of such size that asmaller : 

current would heat the regular wire 
of the circuit dangerously, so as to 
cause a conflagration for instance, 
would melt the fuse and open the 
circuit. As it sometimes happens that 
a safety fuse melts without parting 
a weight is sometimes hung upon 
it, so as to break it as it softens. 


Salt. <A salt is a chemical com- | 
pound containing two atoms or two radicais, which saturate each 
other. One atom or radical is electro-positive referred to the 
other, which is electro-negative. By electrolysis salts are decom- 
posed, the atoms or radicals separating and uniting to form new. 
molecules. , 





Fig. 299. CocKkBurN SAFETY Fuse. 
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Saturated. adj. A liquid is saturated with a substance when 


it has dissolved all that it can, while an excess is present in 
the liquid. Itis possible, by dissolving some salts in hot water 


and allowing the solution to cool without access of air, to obtain a. 


supersaturated solution. On introduction of a crystal of the salt, 
or often on mere access of air, the solution forms crystals and the 
liquid left is saturated. 

Saw, Electric. A platinum coated steel wire mounted and con- 
nected to be raised to incandescence for cutting purposes. 

Schweigger’s Multiplier. An old term for the galvanometer 
as invented by Schweigger soon after Oerstedt’s discovery. 

Scratch Brushes. Brushes for cleaning the surface of articles 
to be electroplated to give a good metallic surface suitable for 
deposition. They have often wire instead of bristles. 


Screen, Electric. A large plate or a hollow case or cage of 
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Fig. 300. Wire Gauze ELectric SCREEN. 
conducting material connected with the earth, and used to proten 
any body placed within it from electrostatic influences. - 
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If within a hollow conducting sphere an electrified body is 
placed, the inner surface of the sphere will be charged with elec- 
tricity of opposite kind to that of the sphere, and the outer surface 
with the same kind as that of the sphere. Thus the sum of the 
electricities called into action by induction is zero. The two inner 


charges are bound to each other. Theinduced charge on the outer 


surface of the sphere is all that has any effect on objects in the 
outer air. 


If the outer surface is connected to the earth it becomes dis- 
charged, and however highly electrified the body introduced into 
the sphere and the inner surface of such sphere may be, they pro- 
duce no external effects, as they are bound one to the other. 


If the sphere is connected to the earth and an unelectrified object 
is placed within it, such object will be perfectly shielded from the 
effects of an outer electrostatic field. Perforated tinfoil or wire 
gauze has just as gooda result. A large plate of metal connected 
to the earth has the same effect. The screen whether plane or 
hollow simply retains a bound charge due to the field of force, 
thereby neutralizing it, and the electricity of the opposite sign 
escapes to the earth. Thus a true shielding or screening effect is 
produced. 


In the cut an experiment is shown in which an electric screen is 
carried by a Leyden jar. Pith balls are suspended outside and 
inside of it. By the approach of an electrified body the outer pith 
balls will diverge, while no effect is produced upon the inner ones. 


Secondary Actions. In electrolysis the direct products of the 
electrical decomposition are not always obtained at the electrodes, 
but products due to their reaction on the water and other chemicals 
may appear. These constitute secondary actions. Thus if a solu- 
tion of copper sulphate is electrolyzed with platinum electrodes, 
metallic copper appears at one pole and sulphuric acid and oxygen 
gas at the other. But the products of electrolysis by the current 
are copper (Cu) and sulphion (SO,). The latter reacting on water 
sets free oxygen gas and forms sulphuric acid. The latter is a 
secondary action. 


Secondary Generator. (a) An alternating current converter 
generating a so-called secondary current. 


(6) A secondary battery, q. v., may be thus termed. 
Secondary, Movable. The term movable secondaries has been 


applied to rings, spheres and discs of conducting material, such as 
copper, whose behavior when near the pole of an electro-magnet 


~ traversed by an alternating current, have been studied by Elihu 


Thomson. Such masses are subjected to very peculiar movements 




















478 STANDARD ELECTRICAL DICTIONARY. 


and mutual reactions. As the phenomena are due to induced cur- 
rents the above term has been applied to the masses in which the 
currents are induced. 


Secondary Plates, Colors of. In a secondary battery of the | 


lead plate type, the color of the plates is a good indication of the 
condition of the battery. The negative plate should be brown or 
deep-reddish, the other should be slate-colored. 


Secondary Poles. Poles sometimes found in magnets existing 
in positions intermediate between the end or true poles. 


Synonym—Consequent Poles. 


Seebeck Effect. The production of a current by heating the 
junction of two different metals forming part of a circuit, or the 
thermo-electric production of current, is stated as the Seebeck 
effect, having been discovered by that investigator. 


Selenium. A non-metallic element. It is interesting electric- 
ally on account of the changes its electric resistance undergoes 
when it is subjected to light. 


In one set of experiments it was found that diffused light caused 
the resistance to fallin the ratio of 11 tog. Full sunlight reduced 
it to one-half. Of the spectrum colors red was most powerful and 
the ultra red region still more strongly affected its resistance. 


The effect produced by exposure to light is instantaneous, but 
on removal to the dark only slowly disappears. ; 
_ A-vessel of hot water was found to have no effect, showing that 
short ether waves are essential to the effect. 


Selenium Cell. A selenium resistance box. Vitreous selenium 
is made by keeping ordinary selenium for some hours at a temper- 
ature of about 220° C. (428° F.) after fusing. It is placed in an 
electric circuit as part of the conductor. 


Its resistance can then be determined. It decreases in sunlight 
to about one-half its resistance in the dark. 


The selenium cell is used in the Photophone, q. v. Otherwise 
it is little more than a subject of experiment. 


Selenium Eye. A model eye in which selenium in circuit with 
a battery and galvanometer takes the place of the retina of th 
human eye. ; 


Self-repulsion. When a body is electrified each molecule repels 
its neighbor and the condition in question is thus designated. An 
electrified soap-bubble expands in virtue of self-repulsion. 


Semi-conductors. Substances which conduct static electricity 
‘poorly, but quite appreciably and beyond the extent of leakage. 
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The following are examples: Alcohol and ether, powdered glass, 
flowers of sulphur, dry wood, paper, ice at 0° C. (32° F.). 


Sensibility. The measure of the effect of a current upon a 
galvanometer, or any similar case. : 


Sensitiveness, Angle of Maximum. Every galvanometer has 
its angle of maximum sensitiveness, which is the angle of deflec- 
tion at which asmall increment of current will produce the greatest 
deflection. For every tangent galvanometer 45° is the angle in 
question. In using a galvanometer for direct reading methods it 
is an object to have it work at its angle of maximum sensitiveness. 


Separately Excited Dynamo. A dynamo-electric machine 
whose field magnet is excited from an outside source, which may 
be another dynamo or a battery. Alternating current dynamos are 
often of this description. 


Separate Touch. In magnetism a method of inducing magnet- 
ism ina steel bar. The opposite poles of two magnets are applied 
at the center of the bar to be magnetized, but-without touching 
each other, and are drawn apart to itsends. They are returned 


on both sides of the bar if necessary. 


through the air and the process is repeated a number of times and 


Separation of Electricities. Under the double fluid theory of 
electricity the action of electrification in accumulating positive 


electricity in one conductor and negative on the other of the 


excited surfaces of two conductors. 


Separator. India rubber bands or other forms used in batteries 
to keep the plates from touching in the cell; especially applied to 
secondary batteries, where the plates are so near together as to 
require separators to prevent short circuiting. 


Series. (a) Arranged in succession as opposed to parallel. Thus 
ifa set of battery jars are arranged with the zinc of one connected 
to the carbon of the next one for the entire number, it is said to be 


Fig. 301. SErRtES CoNNECTION. 
arranged in series. When incandescent lamps are arranged in 


succession so that the current goes through one after the other they 
are arranged in series. oc Pi ek 
The opposite of parallel, q. v., or multiple arc, q.v.3 it may 
be used as a noun or as an adjective. BOs a 
-.(6) See Electro-Chemical Series ; (c) Thermo-Electric Series 
(a2) Electrostatic Series ; (e) Electro-motive Series. es 
Synonym—Cascade Connection (but little used.) 
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Series-multiple. Arrangement of electric apparatus, in which 
the parts are grouped in sets in parallel and these sets are con- 
nected inseries. It is used asa noun, as “‘ arranged in serles-multi- 
ple,’’ or as an adjective, as ‘‘ a series-multiple circuit or system.’’ » 





Fig. 302, SERIES-MULTIPLE CONNECTION. 


Service Conductors. In electric distribution the equivalents of 
service pipes in the distribution of gas; wires leading from the 
street mains to the houses, where current is to be supplied. 


Serving. The wrapping or winding of a cable composed of 
small size wire, laid closely and smoothly with a tool calleda 
serving mallet, or serving block, or by machinery. It serves to 
protect the cable from wear. 


Shackle. In telegraph lines a swinging insulator bracket for use 
where wires make an angle with the pole. A journal box is 
attached to the pole, like half of agate hinge. To this a short iron 
arm is pivoted so as to be free to swing through a considerable 
angle. At its end an insulator is carried to which the wire is 
attached. ‘The shackle swings into line with the wire, or takes a 
position for two wires corresponding to the resultant of their direc- 
tions of pull. 
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Fig. 303. DousLte SHACKLE. 























Shadow, Electric. A term applied to a phenomenon of high 
vacua. If an electric discharge is maintained in a Crookes’ tube 
the glass opposite the negative electrode tends to phosphoresce. A 
plate of aluminum, used also as the positive electrode, protects the 
glass directly behind it so as to produce the effect of a shadow. 


Synonym—Molecular Shadow. 








STANDARD ELECTRICAL DICTIONARY. 481 


Sheath for Magnet Coils. In 1867 C. BE. Varley proposed the 
use of a copper sheath surrounding a magnet core to diminish self. 
induction. It has since been used by Brush and others. Some- 
times metallic foil is laid between the successive coils of wire, 


Synonym—Mutual Induction Protector. 


Sheath for Transformers. A protective sheath of copper, 
interposed between the primary and secondary circuits of an alter- 
nating current transformer. It is connected to the earth. If the 
primary coil loses its insulation before it can leak to the secondary 
itis grounded. This protects the secondary circuit from the high 
electro-motive force of the primary circuit. 


Shellac. A resin; produced as an exudation upon the branches 
of certain Asiatic trees, such as the banyan (Ficus religiosa). It 
is due to punctures in the bark of the trees in question, which 
punctures are made by the female of the insect coccus ficus or c. 
lacca. 


Commercial shellac contains about 90 per cent. of resinous 
material, the rest is made up of wax, gluten, coloring matter:and 
other substances. 


Shellac is soluble in alcohol, and in aqueous solutions of 
ammonium chloride, of borax and in strong ammonia solution. 
Long standing is required in the case of the last named solvent. 
Dilute hydrochloric and acetic acids dissolve it readily ; nitric acid 
slowly ; strong sulphuric acid is without action on it. Alkalies 
dissolve it. | 


In electric work it is used as an insulator and dielectric. Its 
alcoholic solution is used to varnish glass plates of influence 
machines, for the coils of induction coils and similar purposes. 

Resistance in ohms per centimeter cube at 28° C. (82.4 F.) 

(Ayrton), ‘i 9000 X Io!” 

Specific Inductive Capacity (Wiillner), 2.95 to 3.73 

The same substance in less pure forms occurs in commerce, as 
stick lac, lump lac, seed lac, button lac. 


Shellac Varnish. Solution of shellac in alcohol: methylic 
alcohol (wood alcohol or wood naphtha) is often used as solvent. 


Dr. Muirhead recommends button lac, dissolved in absolute 
alcohol, and the top layers decanted. For highest insulation he 
dissolves the lac in ordinary alcohol, precipitates by dropping 
into water, collects the precipitate, dries and dissolves in absolute 


-alcohol. 


Shielded. adj. An electric measuring instrument of the 
galvanometer type is shielded when it is so constructed that its 


indications are not seriously affected by the presence of neigh- 
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boring magnets or by fields of force. Shielding can ‘be effected by 
using a very strong permanent magnet to produce a field within 
‘which the magnetic needle moves and which reacts upon it, or by 
enclosing the instrument in a thick iron box. 


S. H. M. Symbol or abbreviation for ‘‘simple harmonic 
motion.’’ 

Shock, Break. A term in electro-therapeutics; the shock 
received when an electric circuit, including the patient in series, is 
broken or opened. 

Synonym—O pening Shock. 

Shock, Electric. The effect upon the animal system of the 
discharge through it of electricity with high potential difference. 
Pain, nervous shock, violent muscular contortions accompany it. 
Of currents, an alternating current is reputed worse than a direct 
current ; intermediate is the pulsatory current. 

The voltage is the main element of shock, amperage has also 
some direct influence. 


Shock, Static. A term in electro-therapeutics. The application 
of static discharges from small condensers or Leyden jars to a 
patient who is insulated from the ground with one electrode 
applied to the conducting surface on which he rests, while the 
other, a spherical electrode, is brought near the body so as to pro- 
duce a disruptive or spark discharge. 


Short Circuit. A connection between two parts of a circuit, 
which connection is of low resistance compared to the intercepted 
portion. The term is used also asa verb, as ‘‘to short circuit a 
lamp.”’ : 3 
|. Short Circuit Working. A method of working intermittently | 
an electro-magnet so as to avoidsparking. Itconsists in providing a 
short circuit in parallel with the magnetic coils. This short circuit 


Fig. 304. DiaGRam ILLusTRaTING SHorT CircuirT WorkING. 


is of very low resistance. To throw the magnet into action the 
short circuit is opened ; to throw it out of action the short circuit 
is closed. ‘The shunt or short circuit must be of negligibly small 
resistance and-inductance, —. er oe ae: a 
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Shovel Electrodes. Large plate electrodes used in a medical 
bipolar bath. (See Bath, Bipolar.) 


Shunt. In a current circuit a connection in parallel with a 
portion of the circuit. Thus in a dynamo a special winding for 
the field may have its ends connected to the bushes, from which 
the regular external circuit also starts. The field is then wound in 
shunt with the armature. In the case of a galvanometer a resist- 
ance coil may be put in parallel with it to prevent too much current 
going through the galvanometer ; this connection is a shunt. 


The word is used as a noun, as ‘‘a shunt,”’ or “a connection or 
apparatus in shunt with another,’’ and as an adjective, as ‘‘a shunt 
connection,’’ or as a verb, as ‘‘ to shunt a battery.”’ 


Shunt Box. A resistance box designed for use as a galvanom- 
eter shunt. (See Shunt, Galvanometer.) The box contains a 
series of resistance coils which can be plugged in or out as required. 


Shunt, Electro-magnetic. In telegraphy a shunt for the re- 
ceiving relay consisting of the coils of an electro-magnet. It is 
placed in parallel with the relay. Its poles are permanently con- 
nected by an armature. Thus it has high self-induction. 


On opening and closing the circuit by the sending key, extra 
currents are produced in the shunt. The connections are so 
arranged that on making the circuit the extra current goes through 
the relay in the same direction as the principal current, while on 
breaking the circuit the induced current goes in the opposite 
direction. | 


Thus the extra currents accelerate the production and also the 
cessation of signalling currents, tending to facilitate the operations 
of sending despatches. , 


Shunt, Galvanometer. A resistance placed in parallel with a 
galvanometer, so as to short circuit its coils and prevent enough 
current passing through it to injure it. By knowing the resistance 
of the shunt and of the galvanometer coils, the proportion of cur- 
rent affecting the galvanometer is known. This gives the requisite 
factor for calculation. (See Multiplying Power of Shunt.) 


Shunt Ratio. The coefficient expressing the ratio existing 
between the current in ashunt and in the apparatus or conductor 
in parallel with it. (See Multiplying Power of Shunt.) 


Shunt Winding. A dynamo or motor isshunt-wound when the 
field magnet winding is in shunt or in parallel with the winding of 
the armature. 


Shuttle Current. A current alternating in direction ; an alter- 
nating current. . 
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Side-Flash. A bright flashing lateral discharge from a con- 
ductor conveying a current due to a static discharge. ~ 


Sighted Position. In an absolute electrometer (see Electrom- 
eter, Absolute) the position of the balanced arm carrying the 
movable disc or plate, when the disc and guard plate are in one 
plane. Thecross-hair on the lever-end is then seen midway between 
two stops, or some other equivalent position is reached which is 
discerned by sighting through a magnifying glass or telescope. 


Silver. A metal; one of the elements; symbol Ag.; atomic 
weight, 108; valency, 1; equivalent, 108; specific gravity, 10.5. It 
is a conductor of electricity. 

Relative resistance, annealed, 1.0 

Specific Resistance, annealed, at 0° C. (32° F.) 1.504 microhms. 

Resistance of a wire at 0° C. (32° F.), 


Annealed. Hard Deen: 


(2) 1 footlong, weighing igrain, .2190 ohms. .2389 ohms. 
(6) 1 foot long, zg55 inch thick, 9.048 SS 2293820 ae 
(c) 1 meter long, weighing 1 gram, .1527 ss sROODs ee 
(dz) 1 meterlong, 1millimeterthick, .o1916 6“ .02080_ $f 


Resistance annealed ofa 1-inch cube, ato° C. (32°F.) .5921 microhms. 


Percentage increase in resistance per degree C. 
(1.8 F.) at about 20° C. (68° F.), annealed, 0.377 per cent. 


Hlectro-chemical equivalent, (Hydrogen = .o105) 1,134 mgs. . 


Silver Bath. A solution of a salt of silver for deposition in 
the electroplating process. The following is a typical formula: 
Water, 10.0 parts by weight. 
Potassium Cyanide, 5 es ts 
Metallic Silver, 2% os ‘s 
The silver is first dissolved as nitrate and converted into cyanide- 
and added in that form, or for 2% parts metallic silver we may 
read ; 
Silver cyanide, 3 parts by weight. 
While many other formulas have been published the above is 
representative of the majority. Other solvents for the silver than 


potassium cyanide have been suggested, such as sodium hyposul- 


phite, but the cyanide solution remains the standard. 


Silver Stripping Bath. Various baths are used to remove 


silver from old electroplated articles. Their composition depends 


upon the base on which the metal is deposited. Silvered iron — 


articles are placed as anodes in a solution of 1 part potassium cyan- 
ide in 20 parts of water. As kathode a silver anode or a copper one 
lightly oiled may be used. From the latter the silver easily rubs 
of. For copper articles a mixture of fuming sulphuric acid and 
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nitric acid (40° Beaumé) may be used. The presence of any water 
in this mixture will bring about the solution of the copper. Or 
fuming sulphuric acid may be heated to between 300° and 400° F., 
some pinches of dry pulverized potassium nitrate may be thrown 
in and the articles at once dipped. These methods effect the solu- 
tion of the silver, leaving the copper unattacked. 


Simple Substitution. A method of obtaining a resistance equal 
to that of astandard. The standard is put in circuit with a galva- 
nometer and the deflection is noted. For the standard another 
wire is substituted and its length altered until the same deflection 
is produced. The two resistances are then evidently identical. 
The standard can be again substituted to confirm the result. 


Sine Curve. Ifwe imagine a point moved back and forth 


_ synchronously with a pendulum, and if such point made a mark 


upon paper, it would trace the same line over and over again. 
If now the paper were drawn steadily along at right angles 
to the line of motion of the point, then the point would. trace 
upon ita line like the profile of a wave. Such line is a sine 
curve. It derives its name from the following construction. Let 
a straight line be drawn, and laid off in fractions, such as degrees, 
of the perimeter of a circle of given diameter. Then on each 
division of the line let a perpendicular be erected equal in height 
to the sine of the angle of the circle corresponding to that division; 
then if the extremities of such lines be united by a curve such 
curve will be a sine curve. 

Insuch a curve the abscissas are proportional to the times, 
while the ordinates are proportional to the sines of angles, which 
angles are themselves proportional to the times. The ordinates 
pass through positive and negative values alternately, while the 
abscissas are always positive. 

Any number of sine curves can be constructed by varying the 
diameter of the original circle, or by giving to the abscissas a 
value which is a multiple of the true length of the divisions of 
circle. If the pendulum method of construction were used this 
would be attained by giving a greater or less velocity to the paper 
as drawn under the pendulum. 

A species of equation for the curve is given as follows: y=sin x. 
In this 7 really indicates the arc whose length is x, and reference 
should be made to the value of the radius of the circle from which 
the curve is described. It will also be noticed that the equation 
only covers the case in which the true divisions of the circle are 
laid off on theline. Ifa multiple of such divisions are used, say z 
times, or I-27 times, then the equation should read y =” sin 4 or 
y= Sine 


n 
Synonyms—Curve of Sines—Sinusoidal Curve—Harmonic Curve. 
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Sine Law. The force acting on a body is directly proportional | 


to the sine of the angle of deflection when— 


I. The controlling force is constant in magnitude and direction ; 
and : 


II. The deflecting force, although variable in its direction in 
space, is fixed in direction relatively to the deflecting body. 


Single Fluid Theory. A theory of electricity. Electricity, as 
has been said, being conveniently treated as a fluid or fluids, the 
single fluid theory attributes electrical phenomena to the presence 
or absence of a single fluid. The fluid repels itself but attracts 
matter; an excess creates positive, a deficiency, negative electri- 
fication ; friction, contact action or other generating cause altering 
the distribution creates potential difference or electrification. The 
assumed direction (see Dzrection) of the current and of lines of 
force are based on the single fluid theory. Like the double fluid 
theory, q. v., it is merely a convenience and not the expression of 
atruth. (See Mluzd, Electric, and Double Fluid Theory.) — 

Synonym—Franklin’s Theory. 


Single Fluid Voltaic Cell. A galvanic couple using only a 
single fluid, such as the Smee or Volta cell. 


Simple Harmonic Motion. Motion of a point or body back 
and forth along a line; the motion of a pendulum, as regards its 
successive swings back and forth, is an example of harmonic 
motion. | 


Sinistrotorsal. adj. The reverse of dextrotorsal,q.v. Ahelix 
with left-handed winding, the reverse of an ordinary screw, such 
as a wood-screw or corkscrew. 


Skin Effect. A current of very brief duration does not pene- 
trate the mass of a conductor. Alternating currents for this 
reason are mainly conducted by the outer layers of a conductor. 
The above is sometimes called the skin effect. : 


Sled. A contact for electric cars of the conduit system. It is 
identical with the plow, q. v., but is drawn after the cars instead of 
being pushed along with them. : 


Slide Meter Bridge. A name for a Slide Bridge one meter 


long. There are also slide half meter and slide quarter meter | 


bridges and others. (See Weter Bridge.) 


S. N. Code. Abbreviation for single needle code, the telegraphic 
alphabet.used with the single needle system. 


Soaking=in-and-out. A term for the phenomena of the residual - 


electrostatic charge; the gradual acquirement or loss by a con- 
denser of a portion of its electrostatic charge. | 
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Soldering, Electric. (a) Soldering in which the solder is 
melted by means of electricity ; either current incandescence or 
the voltaic arc may be used. It is identical in general with electric 
welding. (See Welding, Electric.) 

(6) The deposition by electric plating of a metal over the ends of 
two conductors held in contact. This secures them as if by solder- 
ing. It is used in connecting the carbon filament of an incandescent 
lamp with the platinum wires that pass through the glass. Copper 
is the metal usually deposited. | 


Solenoid. The ideal solenoid is asystem of circular currents 
of uniform direction, equal, parallel, of equal diameter of circle, 
and with their centers lying on the same straight line, which line 
is perpendicular to their planes. 


The simple solenoid as constructed of wire, is ahhelical coil, of © 


uniform diameter, so as to represent a cylinder. After completing 
the coil one end of the wire is bent back and carried through the 
centre of the coil, bringing thus both ends out at the same end. 





Fig. 305. EXPERIMENTAL SOLENOID. 


The object of doing this is to cause this straight return member to 
neutralize the longitudinal component of the helical turns. This 
it does approximately so as to cause the solenoid for its practical 
action to correspond with the ideal solenoid. ae 
ad of carrying one end of the wire through the centre of the 
can as just deccabed. both ends may be bent back and brought 
together at the centre. 
A solenoid should always have this neutralization of the longi- 
tudinal component of the helices provided for; otherwise it is not 
a true solenoid. 
Solenoids are used in experiments to represent magnets and to 
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study and illustrate their laws. When a current goes through | 
them they acquire polarity, attract iron, develop lines of force and 


act in general like magnets. 


_ Asolenoid is also defined as a coil of insulated wire whose length 
is not small as compared with its diameter. 


Sonometer, Hughes’. A sound measurer; a modification of a 
portion of Hughes’ induction balance, used for testing the delicacy 
of the ear or for determining the relative intensity of sounds. (See 
Hughes’ Induction Balance.) Itis the arrangement of three coils, 


two mounted one at each of the ends of a graduated bar, and the © 


third one between them and free to slide back and forth thereon. 


_ Sonorescence. The property of producing sounds under the 
influence of momentary light radiations rapidly succeeding each 
other. It is the property utilized in the photophone, q. v. 


Sounder. In telegraphy an instrument consisting of an electro- 
magnet with armature attached to an oscillating bar, the range 
of whose movements is restricted by adjusting screws. The 
armature is drawn away ftom the magnet by a spring. Whena 
current 1s sent through the magnet the armature is drawn towards 
the poles and produces a sound as the bar strikes a striking piece 
or second adjusting screw. When the current ceases the bar and 
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. Fig. 306. Morse SOUNDER, 


armature are drawn back, striking the first mentioned screw with a 
distinct sound, the back stroke. 


The sounder is used to receive Morse and analogous character 
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messages. The forward strokes correspond to the beginnings of 
the dots or dashes of the code, the back strokes to beginnings of 
the intervals. The distinction between dots and dashes is made 
by observing the interval between forward and back stroke. 


Various devices are used to increase the sound. Sometimes a 
resonance box is used on which the sounder is mounted. 

In practice sounders are generally placed on local circuits and 
are actuated by relays. | 


Sound Reading. The art or method of receiving telegraph 
messages by ear. It is now universally used by all expert Morse 
operators. It can only be applied to telegraph systems producing 


audible sounds ; in some cases, as in needle telegraphy, it may be 


quite inapplicable. 


Space, Clearance. The space between faces of the pole pieces 
and the surface of the armature in adynamo. It is really the air 
gap, but in calculating dynamo dimensions the thickness of the 
insulated copper wire windings of the commutator are counted in 
as part of the air gap, because copper is almost the same as air in 
impermeability. Clearance space is a mechanical factor; the air 
gap is an electric or magnetic factor. 


Synonym—Inter-air Space. 


Space, Crookes’ Dark. In an exhausted tube, through which 
an electric discharge is caused to pass, the space surrounding the 
negative electrode of the tube. This space is free from any lumin- 
ous effect, and by contrast with the light of the discharge appears 
dark. The vacuum may be made so high that the dark space fills 
the whole space between the electrodes. It is less for a less vacuum 
and varies for other factors, such as the temperature of the nega- 
tive electrode from which it originates, the kind of residual gas 
present, and the quality of the spark. : 


Space, Faraday’s Dark. ‘The space in an exhausted tube 
between ‘the luminous glows about the two electrodes. 


Space, Interferric. A term for the air-gap in a magnetic cir- 
cuit. It is etymologically more correct than air-gap, for the latter 
is often two-thirds or more filled with the insulating material and 
copper wire of the armature windings. (See Space, Clearance.) 


Spark Arrester. A screen of wire netting fitting around the 
carbons of an arc lamp above the globe to prevent the escape of 
sparks from the carbons. 


Spark Coil. A coil for producing a spark from a source of com- 
paratively low electro-motive force. It consists of insulated wire 
wound round a core of soft iron, best a bundle of short pieces of 
wire. Such a coil may be eight inches long and three inches 
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thick, and made of No. 18-20 copper wire, with a core one inch in 
diameter. On connecting a battery therewith and opening or 
closing the circuit, a spark is produced by selfinduction, q. v. It 
is used for lighting gas. 


Spark, Duration of Electric. Wheatstone determined the 
duration of the spark given by a Leyden jar as yz4,, second. Fed- 
dersen by interposing atube of water 9 millimeters (.36 inch) long in 
its path found that it lasted ;7445 second, and with one 180 millimeters 
(7.2 inches) long, ;48%, second. Lucas and Cazin for a5 millimeter 
(.2 inch) spark, with different numbers of Leyden jars, found the 
following : | 


Number of jars. Duration of Spark. 


2 -000026 second 
4 eo0o0o4r SS 
6 : 2000045 ‘°° 
8 .000047 §$ 


The duration increases with the striking distance, and is inde- 
pendent of the diameter of the balls between which it is produced. 


Spark Gap. The space left between the ends of an electric 
resonator (see Aesonator, Electric) across which the spark springs. 
Its size may be adjustable by a screw, something like the arrange- 
ment of screw calipers. | 


Sparking. In dynamo-electric machines, the production of 
sparks at the commutator between the brushes and commutator 
sections. ‘The sparks are often true voltaic arcs, and in all cases 
are injurious if in any quantity, wearing out the commutator and 
brushes. | 


Sparking, Line or Points of Least. In a dynamo or electric 
motor the diameter of the commutator determining, or the points 
on the commutator marking the position of the brushes where the 
sparking isa minimum. Field magnets powerful in proportion to 
the armature are a preventative cause. The direction of the line 
fixes the angle of lead to be given to the brushes. 


Sparking, Resistance to. The resistance to disruptive dis- 


charge through its substance offered by a dielectric orinsulator. It 
does not depend on its insulating qualities, but on its rigidity and 
strength. : 


Spark, Length of. The length of the spark accompanying the 
disruptive discharge is counted as the distance from one electrode 
to the other in astraightline. Itis longer for an increased poten- 
tial difference between the two electrodes. If the gas or air between 
the electrodes is exhausted the length increases, until the vacuum 
becomes too high, when the length begins to decrease, and for a 


ee 
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perfect vacuum no spark however small can be produced.* The 
shape of the conductor which is discharged, the material of the 
electrodes, and the direction of the current are all factors affecting 
the length of spark producible. 


Spark Tube. A tube used as a gauge or test to determine when 
the exhaustion of the vacuum chamber or bulb of an incandescent 
lamp is sufficiently high. og 


The interior of the tube is connected with the interior of the bulb - 


or chamber of the lamps in process of exhaustion, and hence shares 
their degree of exhaustion. From time to time connections with 
an induction coil are made. When the exhaustion is carried far 
enough no discharge will take place through the vacuum. As long 
as the tube acts like a Geissler tube the exhaustion is not con- 
sidered perfect. : 


Specific Heat of Electricity. The heat absorbed or given out 
by a fluid in passing from one temperature to another depends on 
its specific heat. In the Peltier and the Thomson effects, q. v., 
the electric current acts as the producer of a change of temperature, 
either an increase or decrease as the case may be. This suggests 
an absorption of and giving out of heat which amount of heat cor- 
responding to a current of known amount is determinable, and 
may be referred to any unit of quantity such as the coulomb. .This 
or some equivalent definite quantity of heat it has been proposed 
(Sir William Thomson) to term the Specific Heat of Electricity. 


Spent Acid. Acid which has become exhausted. In a battery 
the acid becomes spent from combination with zinc. It also loses 
its depolarizing power, if itis a chromic acid solution or of that 
type, and then may be said to be spent. : 


Spent Liquor. The liquor of a plating bath which has become 
exhausted from use, the metal it contained béing all or partly 
deposited. 7 . 


Sphygmograph, Electric. Anelectric apparatus for recording 
the beat of the pulse, both as regards its rate and strength. 


Sphygmophone. An apparatus for examination of ‘fhe pulse 
by the microphone and telephone. ae 


Spiders. Core-discs of a dynamo or motor armature are some- 
times perforated with a large central aperture, are fastened together 
with insulated bolts, and the whole mass is secured to the shaft 
by three- or four-armed spiders. These are like rimless wheels, the 
ends of their arms being secured to the hollow cylinder consti- 
tuting the armature core, and a central aperture in their hub 
receiving the shaft. : 





























492 STANDARD ELECTRICAL DICTIONARY. 


Spiral. This term is sometimes used instead of coil, as the 
Pa spiral or secondary spiral of an induction coil or trans- 
ormer. 


_ Spiral Winding. The winding used on ring armatures. This 
may diagrammatically be represented by a spiral carried around 
the ring shaped core. With two field poles it gives two collecting 
points, positive and negative, with four field poles it gives four col- 
lecting points, alternately positive and negative. 


Splice Box. A box in which the splices in undergound cables 
and electric lines are contained. The splicing is generally done 


in the boxes with the cables in place. They maybe two-way for . 


straight lines, or be four-way for two side or lateral connections. 


‘ Spl enne: # tenn apps to asound sometimes produced 
n a voltaic arc, perhaps caused by impure or insuffici 
electrodes. (Elihu Thomson.) eae eg ae 


Spring Control. Control of or giving the restitutive force to 
Sa ofa pe vanouicl core ofa solenoid ammeter or moving 
part of any similar instrument by aspring. As an , 
Ammeter, Ayrton’s. ies CES 


Spring Jack. An arrangement for effecting, at one insertion of 
a species of plug, the opening or breaking of a circuit and for 
the simultaneous connection to the terminals formed by the break- 
ing of two terminals of another system or loop. Thus let a line 
include in its circuit two springs pressing against each other, 





















































Fig. 307. SPRING JACKS. 


thereby completing the circuit. Ifa plug or wedge of insulating 
material were inserted between the springs so as to press them 
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apart it would break the circuit and the whole would constitute a 


spring jack cut-out. If each side of the plug had a strip of brass 


or copper attached to it, and if the ends of another circuit were 
connected to these strips, then the insertion of the plug would 
throw the new line into the circuit of the other line. 


Spring Jack Cut-out. A cut-out, of the general construction 
of a spring jack, q. v., except that a simple insulating plug or 
wedge is used in place of the metal-faced wedge with its con- 
nections of the regular spring jack. The insertion of an insu- 
lating wedge opens the circuit, which on its removal is closed. 
The regular spring jack wedge will operate in the same way, if its 
connections are kept open. 


Spurious Voltage. The voltage in excess of that developed by a 
secondary battery which is required in the charging process. It is 
about .25 volt. 

Square Wire. Wire whose cross-section is a square. It has 
been used of iron for building up the cores of armatures for dyna- 
mos or motors, for which it is peculiarly suitable, and also of 
copper as a winding for armatures. 

- Staggering. adj. When the brushes of a dynamo are set, one 
a little in advance of the other on the surface of the commutator, 
they are said to be set staggering. Itis used to get over a break 


in the armature circuit. 


State, Electrotonic. A term expressing an abandoned theory. 


Faraday at one time proposed the theory that a wire had to be in 


the electrotonic state to produce electro-motive force by move- 
ment through an electric field. Any such idea was ultimately 


abandoned by Faraday. 
Static Breeze. ‘The electric breeze obtained by the silent dis- 
charge of high tension electricity. E 
Static Electricity. Electricity at rest or not in the current 
form ordinarily speaking. The term is not very definite and at 
any rate only expresses a difference in degree, not in kind. The 
recognition of the difference in degree has now to a great extent 


also disappeared. 

Station, Central. The building or place in which are placed 
electrical apparatus, steam engines and plant supplying a district 
with electric energy. 

Station, Distant. ‘The place at the further end of a telegraph 
line, as referred to the home station. 

Station, Home. The end of a telegraph line where the operat- 
ots using the expression are working. — 
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Station, Transforming. In alternating current distribution, a 
building or place where a number of transformers are worked, so 
that low potential or secondary circuits are distributed therefrom. 


Steel. A compound of iron with carbon. The carbon may range 
from a few hundredths of one per cent. up to two per cent. For 
magnets, tooi steel drawn to a straw color or a little lower is good. 
All shaping and filing should be done before magnetization. 


_Steeling. The deposition of iron on copper plates by electroly- 
sis. In electrotyping a thin deposit of iron is thus given’ the 


telief plates before printing from them. The deposit is very hard 


and exceedingly thin, so that it does not interfere with the per- 
fection of the impression in the printing process. As the iron 
becomes worn it can be dissolved off with hydrochloric acid, which 
does not dissolve the copper, and a new deposit can be given it. 
Thus the plate may last for an indefinite number of impressions. 


The iron bath may be prepared by immersing ina solution of 
ammonium chloride, two plates of iron, connected as anode and 
kathode in a circuit. One plate dissolves while hydrogen is given 
off from the other. The solution thus produced is used for a bath. 


The hardness of the deposit, which is really pure iron, gives the 
name of ‘‘ steeling.”’ : 


Synonym—Acierage. 


St. Elmo’s Fire. Luminous static discharge effects sometimes 
seen on objects elevatedin the air. They are especially noticed on 
ships’ masts. The sailors term them corpusants (holy bodies). 
They resemble tongues or globes of fire. 


_ Step-by-step Telegraphy. A system of telegraphy in which. 
in the receiving instrument a hand is made to move step-by-step 
with an escape movement around a dial. For each step there is a 
letter and the hand is made to stop at one or the other letter until 
the message is spelled out. (See Dial Telegraph.) : 


Step-down. adj. A qualification applied to a converter or 
transformer in the alternating current distribution, indicating that 
it lowers potential difference and increases current from the 
secondary. 


Step-up. adj. The reverse of step-down; a qualification of a 
transformer or converter indicating that it raises the potential and 


decreases the current in the secondary. 


Sticking. The adherence, after the current is cut off, of the 
armature to the poles of a magnet. In telegraphy it is a cause of 
annoyance and obstructs the working. It may, in telegraphy, be 
due to too weak a spring for drawing back the armature, or to im- 
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perfect breaking of the contact by the despatcher’s key or by the 
receiver’s relay. 


Stopping Off. In electroplating the prevention of deposition 
of the plating metal on any desired portions of the object. It is 
effected by varnishing the places where no coating is desired. An 
article can be plated with silver, stopped off in any desired design, 
and the unvarnished portions may then be plated with gold in 
another bath. Various effects can be produced by such means. 


Storage Capacity. A term for the ampere-hours of electricity, 
which can be taken in current form from a storage battery. 


Storage of Electricity. Properly speaking electricity can only 
be stored statically or in static condensers, such as Leyden jars. 
The term has been popularly applied to the charging of secondary 
or storage batteries, in which there is really no such thing as a 
storage of electricity, but only a decomposition and opposite com- 
bination brought about, which leave the battery in a condition to 
give a current. | 


Storms, Electric. Wide-spread magnetic and electric disturb- 
ances, involving the disturbance of the magnetic elements and 
other similar phenomena. (See Magnetic Storms.) 


Strain. The condition of a body when subjected to a stress. 
Various conseqences may ensue from strain in the way of disturb- 
ance of electric and other qualities of the body strained. 


Stratification Tube. A Geissler tube, q. v., for showing the 
stratification of the electric discharge through a high vacuum. 


The stratifications are greatly intensified by the presence of a little 
vapor of turpentine, alcohol, bisulphide of carbon and other sub- 
stances. 


Stray Field. In a dynamo or motor the portion of the field 
whose lines of force are not cut by the armature windings. 


Stray Power. The proportion of the energy wasted in driving 
a dynamo, lost through friction and other hurtful resistances. 


Streamlets, Current. A conception bearing the same relation 
to an electric current that lines of force do to a field of force; ele- 
mentary currents. If evenly distributed the current is of uniform 
density ; if unevenly distributed, as in alternating currents, the 
current density varies in different parts of the cross section of the 
conductor. This evenness or unevenness may be referred to the 
number of streamlets per unit of area of cross-section. 


Stress. Force exercised upon a solid tending to distort it, or to 
produce a strain. Si pane 
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Stress, Dielectric. The condition of a dielectric when main- 
taining a charge; its two extremities are in opposite states of 
polarity, or are under permanent potential difference. As the two 
opposite polarites tend to unite a condition of stress is implied in 
the medium which separates them. 


Stress, Electro-magnetic. The stress produced upon trans- 
parent substances in an electro-magnetic field of force. It isshown 
in the modified optical properties of glass and similar substances 
placed between the poles of a strong electro-magnet. 


Stress, Electrostatic. The stress produced upon substances in 


an electrostatic field of force; the exact analogue of electro-mag- 


netic stress, and affecting transparent substances in thesame general 
way. | 


Strie, Electric. In Geissler tubes the light produced by the 
electric discharge is filled with strize, bright bands alternating with 
dark spaces; these may be termed electric striz. 


Striking Distance. The distance that separates two conductors 
charged with electricity of different potential, when a spark starts 
between them. 


Striking Solution. In silver-plating a bath composed of a weak 
solution of silver cyanide with a large proportion of free potassium 
cyanide. Itis used with a strong current and a large silver anode. 
This gives an instantaneous deposition of metallic silver over the 
surface of the article which goes to insure a perfect coating in the 
silver bath proper. After a few seconds in the striking solution, 
the article is at once removed to the plating bath. 


Stripping. The removal of electroplating from an object. It 
may be effected in several ways. An object whose plating is to be 
removed is placed in a plating bath of the solution of the metal with 
which itis coated. It is connected as the anode to the positive plate 
of the battery or corresponding terminal of the generator. A kath- 
ode connected to the other terminal being placed in the bath, the 
coating is dissolved by electrolytic action. Sometimes simple treat- 
ment with acid isemployed. Different stripping bathsare described 
under the heads of the different metals. 


S. U. Symbol or abbreviation for Siemens’ Unit of Resistance. 
(See Resistance, Siemens’ Unit of.) 


Sub-branch. A branch or lead of wire taken from a branch lead ; 
a term used in electric distribution. . 


Sub-main. In electric distribution a conductor connected directly 
to a main; a branch. 


Subway, Electric. A subterranean system of conduits for elec- 
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tric cables. As generally constructed in this country it includes 
manholes, q. v., at the street corners connected by ducts or pipes. 
These pipes are large enough to hold a cable. To introduce a cable 


into a duct, which latter may be two or three inches in diameter, 


and from two hundred to six or seven hundred feet long, a wire or 
rope is first passed through the duct. This is done by aset of short 
wooden rods with screws at the end so as to be screwed together. 
Each rod must be shorter than the diameter of the manhole. A rod 
is thrust in, another is screwed to it and thrust in, and thus a set 
of rods is made to extend as far as desired. In pulling them out a 
rope is attached and drawn through. This rope or a larger one is used 
in drawing the cable through the duct. A windlass is employed to 
draw the rope with cable attached through the ducts. 


Sulphating. In storage battery cells, the formation of a hard 
white basic lead sulphate, Pb, SO;. Its formation is due to over-ex- 
haustion of the cells. As long as the voltage is not allowed to fall 
below 1.90 volts per cell little of it forms. As it accumulates it is apt 
to drop off the plate and fall to the bottom, thus weakening the plate 
possibly, and depriving it of active material, and clogging up the 
cell. If it carries a film of metallic lead with it, there is danger of 
short circuiting the cell. | 


_. The presence of some sodium sulphate in the solution is said to 


tend to prevent sulphating, or to diminish it. 


Sulphur Dioxide. A compound gas, S$ 0,; composed of 


Sulphur, 32 
Oxygen, 32 
Molecular weight, 64 
Specific gravity, 2.21. 
_ It is a dielectric of about the same resistance as air. Its specific 
inductive capacity at atmospheric pressure is: 1.0037 (Ayrton). - 
Synonyms—Sulphurous Acid—Sulphurous Acid Gas. 


Sunstroke, Electric. Exposure to the arc light sometimes pro- 
duces the effects observed in cases of sunstroke. It is said that, in 
the case of workmen at electric furnaces, these effects are very 
noticeable. (See Prostration, Electric.) we 


Supersaturated. adj. A liquid is supersaturated when it has 
dissolved a substance at a temperature favorable to its solubility 
and its temperature has been allowed to change, the liquid being | 
kept free from agitation or access of air, provided crytallization 
or precipitation has not taken place. It expresses the state of a 
liquid when it holds in solution more than the normal quantity 
of any substance soluble in it. 


Surface, A galvanic battery is arranged in surface when all 


























498 STANDARD ELECTRICAL DICTIONARY. | 


the positive plates are connected together and all the negative 


plates are also connected. This makes it equivalent to one.large 
cell, the surface of whose plates would be equal to the aggregate 
surface of the plates of the battery. It is also used as an adjective, 
as ‘‘a surface arrangement of battery.” 


Surface Density. The relative quantity of an electric charge 
upon asurface. — : : 


Surface, Equipotential. A surface over all of which the poten- 
tial is the same. In a general sense equipotential surfaces are 
given by planes or surfaces which cut lines of force at right angles 
thereto, or which are normal to lines of force. The conception 
applies to electrostatic and electro-magnetic fields of force, and for 
current conductors the planes normal to the direction of the cur- 
rent are equipotential surfaces. 

The contour of an equipotential surface of a field of force which 
is drawn or represented by delineations of its lines of force can be 
obtained by drawing a line normal thereto. This line will ordin- 


arily be more or less curved, and will be a locus of identical 


potentials. 


An electric equipotential surface may be described as electro- 


static, electro-magnetic, or magnetic; or may be an equipotential 
surface of a current conductor. Besides these 
there are mechanical and physical equipotential 
surfaces, such as those of gravitation. 


Surface Leakage. Leakage of current from 
one part ofan insulating material to another by 
the film of moisture or dirt on the surface. 


Suspension. This term is applied to methods 
of supporting galvanometer needles, balance 
beams, magnetic compass needles and similar 
objects which must be free to rotate. (Sce 
Suspension, Bifilar—Fibre and Spring Sus- 
pension — Fibre Suspension — Knife Edge 
Suspension — Pivot Suspension — Suspension, 
Torsion. 


Suspension, Bifilar. Suspension by two 

| vertical parallel fibres, as of a galvanometer 

Fibs eo Duc eau needle. The restitution force is gravity, the 

or Biriar Suspen- torsion being comparatively slight and negli- 

SION. gible. ede torsion out of account the resti- 

| tution force is (a) proportional to the distance 

between the threads; (4) inversely proportional to their length; 

(c) proportional to weight of the needle or other object suspended ; 
(Z) proportional to the angle of displacement. 
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Assume two masses 4 and & at the end of a weightless rod, 
suspended by the parallel cordsa@ A, 6 B. Let the rod be rotated 
through an angle 6. Consider the cord a A. Its lower end is 
swung through the angle 6, as referred to the center O; the cord 
is deflected from the vertical by an angle ~, such that a A tang p= 
O A2sin6/2. The component of gravitation tending to restore 
A to A, acting towards A is equal to mgtan y~. Its moment 
around O is equal to (m g tan w) X (O A cos. 6/2). The whole 
moment of the couple is 2 m g tan ~.O A. Cos. 0/2 =—2m 9 
(O A®/a A) 2 sin. 6/2. Cos 6/2=2mg1(O A*la A)sin 6. The 
moment of the restoring force is thus proportional to the sine of 
the angle of deflection, and the oscillations of such asystem are 
approximately simple harmonic. (Daniell.) 

If the twisting is carried so faras to cause the threads to cross and 
come in contact with each other the suspension ceases to be a bifi- 
lar suspension, but assumes the nature of a torsional suspension. 


Swaging, Electric. Mechanical swaging in which the objects 
to be swaged are heated by an electric current as in electric welding. 


S.W.G. Abbreviation for Standard Wire Gauge. 


Switch. A device for opening and closing an electric circuit. 


A simple type is the ordinary telegrapher’s switch. A bar of 
metal is mounted horizontally by a pivot at one end, so as to be 


T pasa 


) 


ha 


Fig. 309. Simple SWITCH. 


free to rotate through an arc of acircle. In-one position its free 
endrestsupona stud of metal. One terminal of a circuit is attached 
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to its journal, the other to the stud. Resting on the stud it closes’ 


the circuit, in other positions it opens the circuit. 


Switch, Automatic. A switch opened and closed by the elec- 
tric current. It is used for lighting distant incandescent lamps. 
It includes one or two electro-magnets operated by two push 
buttons. In the usual arrangement one button is black and the 
other white, for extinguishing and lighting respectively. When 
the white button is pushed it causes a current to pass through one 
of the electro-magnets. This attracts its armature, thereby making 
acontact and throwing the lamps into the lighting circuit. Then 
they remain lighted until the black button is pressed. This excites 
the other magnet, which attracts its armature, breaks the contact 
and extinguishes the lights. 3 | 

The object of the automatic switch is to enable distant lamps to 
be lighted without the necessity of carrying the electric leads or 
wires to the place whence the lighting is. to be done. A very small 
wire will carry enough current to operate the magnets, and open 
circuit batteries, such as Leclanché batteries, may be used as the 
source of current for the switch, but generally the lighting current 
is used for the purpose. 

A single magnet may do the work. When the lighting button 
is pressed the magnet is excited, attracts its armature and holds it 
attracted, until by pressing the black button the current is turned 
off from it. In this case the lighting current is used to excite the 
magnet. 


Switch Board. A board or tablet to which wires are led con- 
necting with cross bars or other switching devices, so as to enable 
connections among themselves or with other circuits to be made. 


Switch, Circuit Changing. A switch whose arm in its swing 
breaks one contact and swinging over makes another. It is em- 
ployed to change the connections of circuits from one dynamo to 
another. . 7 


Synonyms—Changing Switch—Changing Over Switch. 
Switch, Double Break. A form of switch in which double 


contact pieces are provided to give a better contact. One form 
consists of a hinged bar whose end swings down between two pairs 


of springs. Both pairs are connected to one terminal, and the bar 


to the other terminal of a circuit. 


Switch, Double Pole. A heavy switch for central station 
work, that connects and disconnects two leads simultaneously. 


Switch, Feeder. A heavy switch, often of double contact 
type, for connecting and disconnecting feeders from bus bars in 
central stations, : es 
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< Switch, Knife. A switch whose movable arm is a narrow, deep 
bar of copper or brass, and which in making contact is forced in 
edgeways between two springs connected to one terminal. ‘The 
bar is connected to the other terminal. 


Synonyms—Knife Break Switch—Knife Edge Switch. 


Switch, Multiple. A switch which in the swing of its bar con- 
nects one by one with a number of contacts so that ultimately the 
end of its bar is in contact with all at once. It is used to throw 
lights in and out in succession, and it can, if the multiple contacts 
connect with resistances, make them operate as a rheostat. 


Switch, Pole Changing. A switch for changing the direction 
of the current in a circuit. 


Switch, Reversing. A switch, often of the plug type (see 
Plug Switch) for changing the direction of current passing through 
a galvanometer. : 


Switch, Snap. A switch constructed to give a quick, sharp 
break. It has a spiral spring interposed betwéen the handle and 
arm. As the handle is drawn back to open it the spring is first 
extended, the bar being held by the friction of the contacts, until 
the spring suddenly jerks it up, thus breaking the contact. 


Switch, Storage Battery Changing. A switch for changing 
storage battery connections from series to multiple and back again. 


_ Switch, Three Way. A switch, so constructed that by turning 
its handle connection can be made from one lead to either of two 
other leads, and also so that connection can be completely cut off. — 


Sympathetic Vibration. The establishment of periodic move- 
ment in one body by impulses of the same period communicated to 
it from another body in motion. Thus if two tuning forks are of 
the same pitch and one is sounded the other will begin to sound 
by sympathy, the sound waves communicating the necessary 
periodic impulses to it. ; 

Sympathetic vibrations are utilized in harmonic telegraphy. 
(See Harmonic Receiver—Telegraph, Harmonic.) 


T. Symbol of time. 
Tailings. (a) In high speed transmission of telegraph signals by 


the automatic system, the definiteness of the signal marks is someé- 


times interfered with by retardation. Wrong marks are thus pro- 
duced called tailings. (4) The prolongation of the current at the 


distant receiving station of a telegraph line due to the discharge of 


the line and to self-induction. . 
Synonyms—Tailing—Tailing Current, 
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Tamidine. Reduced nitro celulose. Nitro-cellulose is dissolved 


in a proper solvent and is obtained by evaporation as a translucent 
solid mass. By ammonium sulphide or other reagent it is reduced 


so as to be virtually cellulose. It is cut into shape for filaments of 


incandescent lamps, which shapes are carbonized and flashed. 


Tangent Law. Ina galvanometer the tangents of the angles of 
deflection of the needle are proportional to the deflecting force— 

I. When the controlling force is unaltered in absolnte magnitude 
and direction by the motion of the needle. 

II. When the deflecting force acts at right angles always to the 
controlling force. 

These conditions are usually secured by having the actuating 
coil through which the current passes flat and of large diameter 
compared to the length of the needle; by using the uniform field 
of the earth as the control; by having a short needle; by placing 
the coil with its plane in the magnetic meridian. 


For best proportions of tangent galvanometer coils see Bobbins. 


Tangent Scale. An arc of a circle in which the number of 
graduations in any arc starting from zero are proportional to the 
tangent of the angle subtended by such arc. The system is for use 
with tangent galvanometers. Thus if for 45° a value of 100 is 
taken and marked on the scale then for the arc 26° 33’ + a value 
of 50 should be marked on the scale because such are the relative 
values of the tangents. 





Fig. 310. GrapHic CONSTRUCTION OF TANGENT SCALE. 


Thus thescale instead of being divided into degrees is divided into 
arcs of varying length, growing shorter as they are more distant 
from the zero point, of such length that the first division being 
subtended by a tangent of length 1, the first andsecond divisions 
added or taken together as one arc are subtended by a tangent of 
length 2, and so on. 
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In the cut a simple method of graphically laying out a tangent 
scale is shown. In it Cis the centre of the arc, and A the radius 
running to the zero of the instrument. From Ca circle is described 
and on // a vertical line tangent to the arc is erected. Taking any 
part of the tangent, as the length shown ending at D, it is divided 
into any number of equal parts. Radii of the circle are now 
drawn whose prolongations pass through the divisions on the tan- 
gent. ‘These radii, where they intersect the are of the circle, 
determine equal divisions of the tangent scale, which, as is evident 
from the construction, are unequal angular divisions of the arc. 


Tanning, Electric. The tanning of hides in the manufacture of 
leather by the aid of electrolysis. A current of electricity is main- 
tained through the tanning vats in which regular tanning liquor is 
contained. Very extraordinary claims are made for the saving of time 
in the tanning process. What is ordinarily a process of several 
months, and sometimes of a year, is said to be reduced to one 
occupying a few daysonly. The action of electrolysis is the one 
relied on to explain the results. 


Tapper. The key used in single needle telegraph transmitters. 
It comprises two flat springs L, Z, each | 

with a handle, normally pressed upward 
against one contact bar Z, and when pressed 
down by the operator making contact against 
a lower bar C when messages are to be trans- 
mitted. A double tapper, such as shown, is 
used for each instrument. 


Synonyms —Double ‘Tapper Key—Pedal 
Key. 


Target, Electric. A target registering or 
indicating electrically upon an annunciator 
the point of impact of each bullet. 


Taste, Galvanic. The effect produced 
upon the gustatory nerves by the passage of 
an electric current, or by the maintenance 
of potential differerice between two portions 
of the tongue. It is very simply produced by 
placing a silver coin above, and a piece of 
zine below the tongue, or the reverse, and 
touching their edges. A sour, peculiar taste 
isat once perceived. It cannot be due to any measurable quan- 
tity of current or of electrolytic decomposition, because the couple 
can do little more than establish a potential difference. With 
a strong current the taste becomes too strong tor comfort, ‘and 
if onatelegraph line the extra currents produced by the signaling 
make the operation of tasting the current a very unpleasant one. It 


A 
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Fig. 311, TAPPER. 
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placing one terminal of the line on his tongue, and a terminal 


attached to a grounded wire below it, and then receiving the Morse 
characters by taste. ; 


is said that messages have been received in this way, the receiver | 


Lo 


Teazer. Originally a fine wire coil wound on the field magnets of 
a dynamo in shunt with the regular winding to maintain the mag- 
netism. It was originally used in electroplating machines to 
prevent inversion of the magnetism, but has since developed into a 


component part of the winding of the compound dynamo. (See 
Dynamo, Compound.) 


Tee, Lead. A lead pipe of T shape used for connecting branches 
to electric cables. The tee is soldered by wiped joints to the lead 
sheathings of the cable and branches after the wires have been con- 


nected, and the junctions coated with insulating tape or cement, 
or both. 


It is sometimes made in two halves, and is known as a split tee. 


Tel-autograph. A telegraph for reproducing the hand-writing of 
the sender at the receiving end of the line. ‘To save time a special 
spelling is sometimes used. 


Teleautograph. ‘he special spelling used with the Tel-Auto- 
graph telegraph. 


Tele-barometer, Electric. A barometer with electric attachment 
for indicating or recording at a distance the barometric readings. 


Telegraph, A B C. This term is applied to alphabet telegraphs 
indicating the message by the movements of a pointer on a dial 
marked with the characters to be sent. In England the Wheatstone 
A B C system is much employed. 3 


Telegraph, Automatic. A telegraph system based on the 
. operation of the transmitting instrument by a perforated strip of 

paper drawn through it. The perforations made by an apparatus 
termed a perforator, areso arranged as to give telegraphic characters 
of the Morse or International Code in the transmitting instrument. 
(See Perforator.) Bain in the year 1846 was the originator of the 
system. He punched a fillet of paper with dots and dashes, and 
drew it between two terminals of the line, thus sending over the 
line a corresponding series of short and long currents which were 
received by his chemical receiver. (See Chemical Receiver.) ‘The 
method was not successful. Its modern development, the Wheat- 
stone Automatic Telegraph, is highly so. The perforated paper by 
its perforations controls the reciprocating movement of two rods, 
which pass through each hole in two rows, corresponding to the 
two rods respectively as the holes come Opposite to the ends of the 
rods. The rods are kept constantly moving up and down. If 
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forated paper is above them their upward motion is limited. 
This eves tues positions for the rods, (a) both down, (3) oa ane 
the other down, (c) both up. These positions of the rods work a ree 
changing key by which dots, spaces, and dashes are transmittec S 
the receiving instrument, which is an exceedingly delicate Ae - 
printer. The latter can have its speed adjusted to receive rom 
200 to 450 words per minute. | 


raph, Dial. A telegraph in which as receiver a dial in- 
“ne : used. A Soiniee or index hand moyes around a dial. 
The dial is marked with letters of the alphabet. The movements 
of the pointer are controlled by the transmitting operator at a 
distant station. He by the same actions moves a pointer oe 
a duplicate instrument before him and the two Bre EONS , 
to give identical indications. Thus a message is spelle ; ou 
letter by letter on both dials simultaneously. The ee of the 
index are generally produced by what is virtually a pe eee 
ment. The scape wheel is carried by the axle of the index, an 
a pallet or anchor is vibrated by an electro-magnet whose ae 
ture is attached to the stem of the pallet. As the pallet is vibrate 
it turns the wheel and index one tooth for each single ONSEN 
There are as many teeth in the wheel as there are characters on t es 
dial. The two instruments being in duplicate and synchronize i 
the pallets move exactly in unison, so that identical seas . 
the dials are given. The pallets may be moved by any kind o 
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Fig. 312, Dia TELEGRAPH. 


3 i i legraph key. 
d break mechanism, such as an ordinary te. 
The dee moves by steps or jerks, so that the system 1s sometimes 
called step-by-step telegraphy. 
In the cut the make and break transmitter is shown at v v, 
withits handleand contacts g and/. This mechanism sends impulse 
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of current by / and Z to the receiving magnet a 6. This attracts 
and releases its armature from contact into the position indi- 


cated by the dotted lines. This works the rocker z on the pin o, — 


and actuates the double or anchor pawl s 7, which turns the pallet 
or scrape wheel 7. 


The system is dropping into disuse, being supplanted by the 
telephone. | 


Synonym—Step-by-step Telegraph. 


Telegraph, Double Needle. A telegraph system in which the 


message is read by the motions of two vertical needles on the 
face of the instrument in front of the receiving operator. An 
identical instrument faces the transmitting operator. By two 
‘handles, one for each hand, the needles. are caused by electric 
impulses to swing to right and to left so as to give a telegraphic 
code. It has been generally superseded by the single needle tele- 
graph. 


Telegraph, Duplex. A telegraph capable of transmitting simul- 
taneously two messages over one wire. The methods of effecting 
it are distinct from those of multiplex telegraphy. ‘This term is 
used as a distinction from diode multiplex telegraphy, in which 
the work is done on other principles. There are two systems of 
duplex telegraphy, the differential and the bridge systems. 


Telegraph, Duplex Bridge. A system of duplex telegraphy 
employing the principle of the Wheatstone bridge. The other or 
differential system depends on equality or difference of currents ; 
the bridge method on equality or difference of potentials. The 
cut shows the system known as Stearn’s Plan. 


At the ends of the line wire are two cross connections like 
duplicate galvanometer connections in a Wheatstone bridge, each 
including a receiving relay. The rest of the connections are self- 
explanatory. 

When 4 depresses his key the current splits at the point indi- 
cating the beginning of the bridge. One portion goes through the 
line to Band to earth, the other goes to earth at 4 through the 
rheostats indicated by the corrugated lines. ; 


On reaching 4’s end the current divides at the cross-connection 


and part goes through the receiving relay shown in the center of | 


that cross-connection. 


Thus if 4 sends toB or 2 to A it is without effect on the home 
receiving instrument. Now suppose that both simultaneously are 


sending in opposite directions. If the connections be studied- 


it will be seen that every movement of the transmitting key will 
affect the balance of the distant or receiving end of the bridge and 
so its instrument will record the signals as they are sent. 
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As shown in the cut the sending keys are on local circuits, and 
work what are known as duplex transmitters. These are instru- 
meuts which send line signals without breaking the connection. 





é 


tad 


OVO 


Fig. 313. STEARN’s PLAN oF DupLex BripGE TELEGRAPHY. 


: i By this 
In Stearn’s plan condensers are introduced as shown. By 
plan different receine instruments can be used. The inventor 
once worked a Morse instrument at one end of the line, and a 
Hughes’ instrument at the other end. 


Telegraph, Duplex, Differential. A system of duplex teleg- 
raphy employing the differential action of two exciting or magnet- 
izing coils. The general principles are the following. Suppose 
that at each of two stations, there is a magnet workingas a sounder 
or relay. Each magnet is differentially wound, with two coils of 
opposite direction, of identical number of turns. 

When the sending key at a station A is depressed two exactly 
equal currents go through the magnet in opposite CTO 
One called the compensation current goes to the earth at the 

-stations. The other called the line current goes through the line, _ 
through the line coil of the distant station B, thereby actuating the 
relay or sounder armature. | ag andar : 

The instrument of the sender 4 is unaffected because he 1s send- 
ing opposite and equal currents through its two coils. A special 
resistance is provided on the compensation circuit for keeping the 
currents exactly equal in effect. Nothing the sender at 4 does 


affects his own instrument. : 


i i hat 

uppose B& desires to telegraph. back at the same time t 
es Dee aeiine to his station. He works his key. This does 
not affect his own instrument except by sending the equal and 
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: t a uble strength goes 
Spirits currents through its coils. When his key is depressed f two keys ai ueprcecy: SpeL oa dees ot ewe Py peo 
and 4’s key is untouched, he works 4’s receiving instrument. taroug pot a . ene ee current over the compensation current. 


When A’s key is depressed simultaneously with B’s key, the 
two line currents are in opposition and neutralize each other. 7 
This throws out the balance in the instruments and both armatures | : | U 
are attracted by the compensation currents left free to act by the p 7 
neutralization of the line currents. 3 


LINE 


In other respects the operation is the same as before described. 


aeeencees (6) WS 









if fae INO AO) IW sk rate ee eee 4 OKS) ‘ : | 
_ UP STATION |/sC DOWN STATION | sOX : 4 , 
Pare: ee ----O-Ornu fee oar as t----=O-—Om | ox : : 
Foe sis ese eae ae gue 4 ae 
H | een i rl ———) ee j . SQM): Md " 
: ve es Ss Steet ia ® z 
H 1 
bonne. | fonnmad i S t_._j} anes sj ©) oh Fig. 315. DupLtex TELEGRAPH, DIFFERENTIAL SYSTEM: 
el (HI ds ll ee ; : The cut shows a diagram of the operation of one end oF ii ns: 
: i R and ZR are resistances, Z and £ are earth contacts, an ae Ae 
Fig. 314. DupLex TELEGRAPH, DIFFERENTIAL SYSTEM. 7 circles show the magnet of the receiving instrument wound w 
Suppose that B is sending a dash, and it begins while 4’s key is | , eX 


raised. The line and compeusation currents in #’s receiving in- 
strument neutralize each other and no effect is produced, while 
4’s receiving instrument begins to register or indicate a dash. 
Now suppose A starts to send a dash while S's is half over. He 
depresses his key. ‘This sends the two opposite currents through 
his magnet. His line current neutralizes #’s working current so. : po __3 
that the compensation currents in both receiving instruments hold ee Febee Se 


Sew ewS SHEETS on Le, 
as 


the armatures attracted for the two dashes. Meanwhile 4’s dash - 
ends and he releases his key. Atonce his line current ceases to 
neutralize 5’s line current, his receiving instrument is actuated 
now by 4's line current, while 2’s receiving instrument ceases to ; 
be actuated by the compensation current. | ie 


Two assumptions are made in the above description. ‘The line 
currents are assumed to be equal in strength and opposite in 
direction at each station. Neither of these is necessary. The line 
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' Fig. 316. DirrerentTiaL DupLEx TELEGRAPH CONNECTIONS. 


current received ata station is always weaker than the outgoing : : eg sip ere lso shown. It 
line current, and it is the preponderance of the compensation cur- : See as Dus ae “ieee ot ke soccer is in the 
rent over the partly neutralized line current that does the work. ' also illustrates what happ The send- 


i mediate position breaking contact at both I and 2. sel 

aoe hue en then goes through both coils of the receiving 
instrument magnet, but this time in series, and in coincident 
direction. This actuates the instrument as before. Owing to the 


As this preponderance is very nearly equal to the line current 
received from the distant station, the signals are actuated by almost 
the same current, whether it is compensation or line current. 


Both line currents may coincide in direction,» Then when the 
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resistance only half the normal current passes, but this half goes : 
through twice as many coils or turns as if the receiver’s key was | 


in either of the other two positions. 


In actual practice there are many refinements. To compensate 
for the varying resistance of the line a rheostat or resistance with 
sliding connection arm is connected in the compensation circuit 
so that the resistance can be instantly changed. As the electro- 
static capacity of the line varies sectional condensers are also con- 
nected in the compensation circuits. 


Telegraph, Facsimile. A telegraph for transmitting facsimiles 


of drawing or writing. The methods employed involve the syn- 
chronous rotation of two metallic cylinders, one at the transmit- 
ting end, the other at the receiving end. 


On the transmitter the design is drawn with non-conducting ink. 
A tracer presses upon the surface of each cylinder and a circuit is 
completed through the two contacts. In operation a sheet of 
chemically prepared paper is placed over the surface of the receiv- 
ing cylinder. The two cylinders are rotated in exact sytichronism 
and the tracers are traversed longitudinally as the cylinders rotate. 
Thus a number of makes and breaks are produced by the transmit- 
ting cylinder, and on the receiving cylinder the chemicals in the 
paper are decomposed, producing marks on the paper exactly cor- 
_ tesponding to those on the transmitting cylinder. : 


Synonyms—Autographic Telegraph—Pantelegraphy. 


Telegraph, Harmonic Multiplex. A telegraph utilizing sym- 
pathetic vibration for the transmission of several messages at once 
over the same line. It is the invention of Elisha Gray. The 
trans:nitting instrument comprises a series of vibrating reeds or 
tuning-forks, each one of a different note, kept in vibration each 
by its own electro-magnet. Each fork is in its own circuit, and 
all unite with the main line so as to send over it a make and break 
current containing as many notes superimposed as there are tuning 
forks. At the other end of the line there are corresponding tuning 
forks, each with its own magnet. Hach fork at this end picks up 
its own note from the makes and breaks on the.main line, by the 
principle of sympathetic vibration. 


To each pair of operators a pair of forks of identical notes are 
assigned. As matly messages can be transmitted simultaneously 
as there are pairs of forks or reeds. 


The movements of a telegraph key in circuit with one of the 
transmitting reeds sends signals of the Morse alphabet, which are 
picked out by the tuning fork of identical note at the other end of 
the line. | | 
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_( Telegraph, Hughes’. A ptinting telegraph in very extensive 
’ use in continental Europe. Its general features are as follows: 


The instruments at each end of the line are identical. Hach 
includes a key board like a piano manual, with a key for each letter 
or character. On each machine is a type wheel, which has the 
characters engraved in relief upon its face. With the wheel a 
‘‘ chariot ’’ as it is termed.also rotates. The type wheels at both 
stations are synchronized. When a key is depressed, a pin is thrown 
up which arrests the chariot, and sends a current to the distant 


station. This current causes a riband of paper to be pressed up 


against the face of both type wheels so as to receive the imprint of 
the character corresponding to the key. The faces of the wheels 
are inked by an inking roller. 
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Fig. 317, ELECTRO-MAGNET OF HuGHES’ PRINTING TELEGRAPH. 


The most characteristic feature is the fact that the current sent by 
depressing a key does not attract an armature, but releases one, 
which is then pulled back by a spring. The armature is restored to 
its position by the mechanical operation of the instrument. The 
magnet used isa polarized electro-magnet. Coils are carried on 
the ends of a strong powerful magnet. The coils are so connected 
that a current sent through them by depressing a key is in opposi- 
tion to the magnetism of the permanent magnet so that it tends to 
release the armature, and in practice doesso. This release permits 
the printing mechanism to act. The latter is driven by a descend- 
ing weight, so that very slight electric currents can actuate the 
instruments. 


Synonym—Hughes’ Type Printer. 
Telegraphic Code. (a) The telegraphic alphabet, as of the 
Morse System. (See Aiphabet, Telegraphic.) 


(5) A code for use in transmitting messages either secretly, or 
comprising several words or shortsentences in one word, in order to 
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economize in transmission. Such codes are extensively used in 
commercial cable messages. 


Telegraph, Magneto=-electric. A telegraph in which the cur- 
rent is produced by magneto-electric generators. It has been applied 
to a considerable extent in England. The Wheatstone A BC or dial 
telegraph is operated by a magneto-generator turned by hand. 

In this country the magneto-electric generator by which the call- 
ing bell of a telephone is rung is an example. The magneto-electric 


key (See Key, Magneto-electric) is for use in one kind of mag- 


neto-electric telegraphing. 


Telegraph, Morse. A telegraph, characterized by the use of a 
relay, working a local circuit, which circuit contains a sounder, or 
recorder for giving dot and dash signals constituting the Morse 
alphabet. The signals are sent by a telegraph key, which when 
depressed closes the circuit, and when released opens it. The two 
underlying conceptions of the Morse Telegraph system are the use 
of the dot and dash alphabet, and the use of the local circuit, which 
circuit includes a receiving instrument, and is worked by arelay, 
actuating a local battery. It would be difficult to indicate any 
invention in telegraphy which has had such far-reaching conse- 
quences as the one known as the Morse telegraph. 


In other places the principal apparatus of the system will be found 


described. The cut Fig. 318, repeated here gives the general dis- 
position of a Morse system. (See Circuit, Local.) 


~ Line 









Gates 


Fig. 318. D1acram or Morse System. 


_ The key by which the messages are transmitted is shown in Fig. 
319. Wis a base plate of brass. 4 isa brass lever, mounted on an 
arbor G carried between adjustable set screws D. C is the anvil 
where contact is made by depressing the key by the finger piece B 
of ebonite. HE, F! are adjusting screws for regulating the vertical 
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_( play of the lever. A is the switch for opening or closing the cir- 
’ cuit. It is opened for transmission, and closed for receiving. By 
screws, L L, with wing nuts, K K, the whole is screwed down to a 


table. 
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Fig.319. Morse TELEGRAPH Key. 


In the United States the simplest disposition of apparatus is 
generally used. The main line is kept on closed circuit. In it may 
be included a large number of relays at stations all along the line, 
each with its own local circuit. There may be fifty of such stations. 
Battery is generally placed at each end of the line. Very generally 
gravity batteries are used, although dynamos now tend to supplant — 
them in important stations. 


As relays the ordinary relay is used. Its local circuit includes a 
sounder and local battery. The latter is very generally of the 
gravity type, but oxide of copper batteries (See Battery, Oxide of 
Copper) are now being introduced. At main or central offices, the 


_ terminals of the lines reach switch boards, where by spring-jacks 


and plugs, any desired circuits can be looped into the main circuit — 
in series therewith. 


In European practise the main line is kepton open circuit. Polar- 
ized relays are used to work the local circuits. The currents for 
these have to be alternating in direction. When the line is not in 
use its ends are connected to earth at both ends, leaving the battery 
out of circuit. Each intermediate station has its own main, or line 
battery for use when it desires tosend a message. In the American 
system as first described, it will be seen that the main batteries are 
at most two in number. 
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For the details of the different apparatus, the following definitions 


may be consulted: Embosser, Telegraphic— Recorder, Morse —: 


hkelay— Relay Connection—Sounder. 
Telegraph, Multiplex. A system of telegraphy by which a 


number of messages can be transmitted in both directions over a 


single wire. The principles underlying the systems are the fol- 
lowing : 
Suppose that at the two extremities of a telegraph line two arms 
are kept in absolute synchronous rotation. Let the arms in their 
rotation, press upon as many conducting segments as there are to 
be transmissions over the line. A transmitting and receiving set 
of instruments may be connected to one segment at one end of the 
line, and another set to the corresponding segment at the distant 
station. For each pair of segments two sets can be thus connected. 
Then if the arm rotates so rapidly that the contacts succeed each 
other rapidly enough each pair of sets of instruments can be worked 
independently of the others. In practice this rapid succession is 
effected by having a number of contacts made for each pair during 
a single rotation of the arm or equivalent. 


The multiplex system has been perfected by the use of La Cour’s 
phonic wheel (see Phonic Wheel), and brought into a practical 
success by Patrick B. Delany, of New York. 


Two phonic wheels rotate at each end of the line. They are 
kept in synchronous motion by two vibrating steel reeds of exactly 
the same fundamental note, and the axle of each wheel carries an 
arm whose end trails over the contacts or distributor segments 
already spoken of. The reeds are adjusted to vibrate at such speed 
that the trailer is in contact with each segment about si, second. 
The number of groups of segments required for each working is 
determined by the retardation of the signals owing to the static 
capacity of the line. To convert the rapidly recurring impulses of 
current into practically a single current, condensers are connected 
across the coils of the relay. One battery serves for all the arms. 


Multiplex telegraphy can effect from two to six simultaneous 
transmissions Over One wire. For two or four transmissions the 
method only distinguishes it from duplex or quadruplex telegraphy. 
The terms diode, triode, tetrode, pentode and hexode working are 
used to indicate respectively the simultaneous transmission of two, 
three, four, five, or six messages over one wire. 


It will be seen that the multiplex process really assigns to each 
transmission separate times, but divides these times into such short 
and quickly recurring intervals that the work is executed as if 
there was continuous contact. In no case is there the popular 
conception of the sending of several messages actually simultane- 
eusly over one wire. Each signal in reality has its own time 
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assigned it, divided into short periods of high frequency, and only 
utilizes the line when it is free. 


Telegraph, Over-house. An English term for telegraph lines 
led over houses and supported on standards on the roofs. 


- Telegraph Pole Brackets. Arms for carrying insulators, which 
arms are attached to telegraph poles or other support. They vary 
in style; sometimes they are straight bars of wood gained into 
and bolted or spiked in place ; sometimes they are of iron. 


Telegraph, Printing. Various telegraphs have been invented 


- for printing in the ordinary alphabet the messages at the receiving 


end of the line. 

Representative instruments of this class are used for transmitting 
different market and stock reports to business offices from the 
exchanges. The type faces are carried on the periphery of a 
printing wheel, which is rotated like the hand of adial telegraph, and 
against whose face a paper riband is pressed whenever the proper 
letter comes opposite to it. Aseach letter is printed the paper 
moves forward the space of one letter. Spacing between words is 
also provided for. Inthe recent instruments two lines of letters 
are printed on the paper one above the other. 

In England, and on the continent of Europe, printing instru- 
ments have received considerable use for ordinary telegraphic 
work. Hughes’ type printer and Wheatstone’s A B C telegraph 
meet with extensive use there for ordinary transmission. 


Telegraph, Quadruplex. Duplex telegraphy is the sending of 
two messages in opposite directions simultaneously through the 
same wire. Duplex telegraphy is the sending of two messages 
simultaneously in the same direction. The two combined consti- 
tute quadruplex telegraphy. : 

The system was suggested by Stark of Vienna and Bosscha of 
Leyden in 1855; the successful problem was solved by Edison in 
1874. | 
The principle is based on the two orders of difference in electric 
currents; they may vary in strength or in direction. Thus we 
may have one instrument which works with change of strength of 
current only, the other with change of direction only. The two 
can be worked together if the direction of the current can be altered 
without alteration of strength, and if strength can be altered with- 
out alteration of direction. Double current and single current 
working are so combined that one relay works by one system of 
currents and another relay by the othersystem. A current 1s con- 
stantly maintained through the line. The relay operated by 
change in direction isa simple polarized relay which works by 
change of direction of current. The relay operated by change in ~ 
strength is the ordinary unpolarized relay. 
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For the following description and the cuts illustrating it we are 


indebted to Preece and Sivewright. The cut shows the arrange-_ 


inent of the apparatus and connections for terminal offices. 
‘Sufficient table room is provided to seat four clerks. The 


apparatus is arranged for the two senders to sit together in the. 


centre, the messages to be forwarded being placed between them. 
The section on the left of the switch Q is known as the ‘4’ side, 
that on the right as the ‘ 2’ side of the apparatus. 


Kj, the reversing key, reverses the direction of the current. X. ‘ 
is asimple key, known as the zzcrement key; it is used simply to 
increase the strength of the current. 

The way in which the keys K, and X, combine their action is 
shown by Fig. 321. #, and Z, are the line batteries, the one hay- 
ing two and one-third (2%) the number of cells of the other, so 
that if Z, be the electro-motive force of the smaller, that of the 
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Fig. 320. QuapRUPLEX TELEGRAPH CONNECTIONS. 


whole combined battery will be 3.3 21. The negative pole of Z! 
is connected to 2 and z, of K,, and the positive pole of Z, to a of 
A, through a resistance coil s. A wire, called the ‘ tap’ wire, con- 
nects the positive pole of #, and the negative pole of £, to d of K,. 
This wire has in it a resistance coil7,. The springs ¢ and ¢, of K, 
are connected to the lever Z of K,. Now, when both keys are at 
rest, the negative pole of £, is to line through z, and the positive 
pole of £, to earth through 6 of K,andc of K,; the positive pole 
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ing insulated ataofK,. There is thus a weak negative 

oe ieee line. When K, alone is worked, the current 2 
E, is reversed. When X, is worked alone, ¢ of 4; is transferre 

from 6 to a, and the strength of the negative current going to line 
is increased through the increase of the electro-motive force oy 
E, to 3.3 £,, for the whole battery is brought into Dye wy ae 
K, and K, are depressed together, then the negative poleo : ; 
goes to earth through 2,; and the positive pole of /, to line 
through a of K, and ¢, of K,, and a posidive current, due to ee 
whole electro-motive force 3.3 4, goes toline. Hence the effect 


/ of working K, is simply to reverse the current, whatever its 


strength, while that of K, istostrengthen it, whatever its direction. 
The resistance coil s, of 100° resistance, is called a spark coul, 
because it prevents the high electro-motive force of the whole 


battery from damaging the points of contact by sparking or forming 


: : 3 de 
n are across when signals are sent; and the resistance 7, 1s ma 
aoprosiaately Euelic the combined resistance of /, and the 


spark coil, so that the total resistance of the circuit may not be 
altered by the working of the apparatus. 
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Fig. 321. QuaDRUPLEX TELEGRAPH. 


nd B, (Fig. 320) are the relays which are used to respond to 
Wee e She pei sent by the keys A, and A, at the 
i ion. : 
toa snl polarized relay wound differentially, each wae 
having a resistance of 200 @, and so connected up as to respond to 
the working of the reversing key K, of the distant station. It acts 
independently of the strength of the current, and is therefore net 
affected by the working of the increment key A,. It is connecte 
up so as to complete the local circuit of the sounder Si ane the 
local battery /,, and forms the receiving portion of the A’ side. 
B, is a non-polarized relay also wound differentially, each coil 
having a resistance of 200 . It responds only to an increase 2 ie 
strength of the current, and therefore only to the working of the 
increment key K, of the distant station. 
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The relay spring i 
g is so ad } 
actuated by the weak Suede aos z eee ae 


In its normal position thi 
this relay complet ircui 
local battery through the sounder S This ihe s oie ae 


uprig htt 
prighting sounder, acts asa relay to a second sounder, |S, called 


th antite 
e reading sounder, which is worked by another local battery, / 
2° 


Of course, normally, the armature of Sis held down and that of |S: 
ee 


is up, b 
p, but when the tongue ¢ moves, as it does when the increment 


k : 
ey K, is depressed so as to send the whole current to line. then - 


th is i 
€ current from Z is interrupted, and the circuit of /, is completed 


by the rising of the arm 
at ; ° 
to work. This is the ‘2 eae S, causing the reading sounder S, 


Ri : 
is a rheostat for balancing the resistance of the line, as used in © 


duplex working. 


Ci 
ene. 1S eres peed for compensating the static charge of the 
iene aie eaete iF ed with an adjustable retardation coil, 2, to pr 

of the compensating current from the Hdeacen e 


G is a differential gal 
van ce 
tating adjustment cad teen used for testing, and for facili- 


one me for putting the line to earth, either for balancin 

DS reny cient patpooe:_ ‘Dice i. the earth wire lending om 
fel ing approxim i 

the whole battery, 3.3 £,, and the een a eee 


terminals of the gal 
reversing key par vanometer and the two battery wires on the 


Th 
e keys K, and KX; are, for repeaters, replaced by transmitters 


Th . : 
e adjustment of this apparatus requires great care and great . 


accuracy. Its good workin i 
g depends essentiall i 
that can only be acquired by patience and ee oe 


dee eeeiae ones generally arise from careless adjustments 
fae ee oose connections, battery failures, and the ordina 
Eaten cor be eee but there are no troubles that are beyond che 
oe Spleen foe e Se be safely said that, within mod: 
’ T and w ; : ae 
able, then quadruplex working i = yer Ue working is practic- 


The above is a typi i 

} ypical quadruplex bridge system i 

is sae system, the full desertion of hen = aaaiti ae 
Ss been given, is outside of the scope of this ‘work eee 


Telegraph Repeater. An extension of the relay system, adopted 
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' for long lines. A repeating station comprises in general terms 
. duplicate repeating apparatus. 


One set is connected for messages 
in one direction, the other for messages in the opposite direction. 
The general operation of a repeating set isas follows. The signals 
as received actuate a relay which by its local circuit actuates a 
key, which in ordinary practise would be the sounder, but in the 
repeater its lever opens and closes a circuit comprising a battery 
and a further section of the line. 


» Repeaters are placed at intervals along the line. Each repeater 
repeats the signals recéived for the next section of line with a 
new battery. It represents an operator who would receive and 


“repeat the message, except that it works automatically. 


The Indo-European line from London to Teheran, 3,800 miles 
long, is worked directly without any hand retransmission, it being 
carried out by five repeaters. This gives an average of over 500 
miles for each repeater. 

Repeaters introduce retardation, and each repeater involves a 
reduction in the rate of working. Yet in many cases they increase 


the speed of a line greatly, as its speed is about equal to that of its 
worst section, which may be far greater than that of the whole 


line in one. 
Synonym—Translater. | 


Telegraph Signal. In the telegraph alphabet, a dot, or dash ; 
the signal or effect produced by one closing of the circuit. A 
dash is equal in length to three dots. The space between signals is 
equal to one dot; the space between letters to three dots ; and the 


space between words to six dots. 


Telegraph, Single Needle. A telegraph system in which the 
code is transmitted by the movements of a needle shaped index 
which oscillates to right and left, the left hand deflection corre- 
sponding to dots, the right hand deflection to dashes. The instru- 
ments for sending and receiving are combined into one. The 
needles are virtually the indexes of vertical galvanometers. In one 
form by a tapper key (see Tapper), in another form by a key 
worked by a drop-handle (the drop handle instrument), currents 
of opposite directions are sent down the line. These pass through 
both instruments, affecting both needles and causing them to 
swing to right or left, as the operator moves his key. 

e or actuating needle a soft iron needle 
mity oftwo perma- 
of polarity from 


As galvanometer needl 
is employed, which is polarized by the proxi 
nent magnets. This avoids danger of reversal 
lightning, a trouble incident to the old system. 






































520 STANDARD ELECTRICAL, DICTIONARY. 


The cut, Fig. 322, shows a single needle telegraph instrument 


of the tapper form. ‘The acti 
from the ee cut. action of the tapper can be understood 


Cand Z are two strips of metal to which th iti 
i € positi ~ 
tive poles of the battery are respectively anand: = on Lee 
two metallic springs; / is connected to earth, Z is connected to the 
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Fig. 323. DouBLE Tapper 
KEY For SINGLE NEEDLE. 
TELEGRAPH. 


Fig. 322. SINGLE NEEDLE TELEGRAPH INSTRUMENT, 
OUBLE TappER Form. 


line; at rest both press against Z. If Z is depr 

C, the current from the battery goes to the eee ee eee 
through the coils of the distant instrument and deflects fe needle 
to one side, and then goes to the earth. If the key £& is depressed: 
£ retaining its normal position, the direction of the current is 
reversed, for the other pole of the battery is connected to the earth 
and the reverse current going through the coils of the distant 
instrument deflects the galvanometer needle to the other side 
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In the drop-handle type an analogous form of commutator 
worked by a single handle produces the same effects. 


Telegraph, Wheatstone, A. B. C. A magneto-electric tele- 
graph of the dial system. An alternating current magneto-genera- 
tor is turned by hand and by depressing keys itscurrentis admitted 
to or cut off from the line and receiver’s instrument. The message 
is received by a dial instrument working by the escapement motion 
described under 7elegraph, Dial. 


Telegraph, Writing. A telegraph in which the message is re- 
ceived in written characters. The transmitter includes a stylus 
which is held in the hand and whose point bears against the upper 
end of a vertical rod. The rod is susceptible of oscillation in all 
directions, having at its base a spring support equivalent to a uni- 
versal joint. 


The stylus is moved about in the shape of letters. As it does 
this it throws a series of resistances in and out of the circuit. 


At the receiving end of the line the instrument for recording 
the message includes two electro-magnets with their cores at right 
angles to each other and their faces near together at the point of 
the angle. An armature is supported between the faces and 


through it a vertical rod carried by a spring at its bottom rises. 


These magnets receive current proportional to the resistances cut 
in and out by the motions of the other rod at the transmitting end 
of the line. These resistances are arranged in two series at right 
angles to each other, one for each magnet. Thus the movements 
of the transmitting stylus and rod are repeated by the end of the 
rod in the receiving instrument. A species of pen is carried at 
the end of the rod of the receiving instrument, which marks the 
letters upon a riband of paper which is fed beneath it. 


Telemanometer, Electric. A pressure gauge with electric 
attachment for indicating or recording its indications at a distance. 

It is applicable to steam boilers, so as to give the steam pressure 
in any desired place. 


Telemeter, Electric. An apparatus for electrically indicating 
or recording at a distance the indications of any instrument such 
as a pressure gauge, barometer or thermometer, or for similar 
work. The telemanometer applied to a boiler comes into this class 
of instrument. 


Telephotography. ‘The transmission of pictures by the electric 
current, the requisite changes in the current being effected by the 
action of light upon selenium. The pictureis projected by amagic 
lantern. Its projection is traversed by a selenium resistance 
through which the current passes. This is moved systematically 
over its entire area, thus constituting the transmitter, and syn- 
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chronously with the motion of the selenium a contact point at the 


other end of the line moves systematically over a sheet of chemic- 
ally prepared paper. The paper, which may be saturated with a 
solution of potassium ferrocyanide and ammonium nitrate, is 
stained by the passage of the current, and by the variation in 
intensity of staining, which variation is due to variations in the 
current, produced by the effects of the light upon the selenium, 
the picture is reproduced. 


Telepherage. An electric transportation system, hitherto only 
used for the carrying of ore, freight, etc. Its characteristic feature 
is that the electric conductors, suspended from poles, supply the 
way on which carriages provided with electric motors run. The 
motors take their current directly from the conductors. 


There are two conducting lines, running parallel witheach other, 
supported at the opposite ends of transverse brackets on a row of 
supporting poles. At each pole the lines cross over so that right 
line alternates with left, between consecutive pairs of poles. 


The cars are suspended from pulleys running on one or the other 
of the conductors. .A train of such ars are connected and the cur- 
rent is taken in near one end and leaves near the other end of the 
train. These current connections are so distant, their distance 


being regulated by the length of the train, that they are, for all but | 


an instant at the time of passing each of the poles, in connection 
with segments of the line which are of opposite potential. To 
carry out this principle the distance between contacts is equal to 
the distance between poles. Owing to the crossing over of the 
lines the contacts are in connection as described and thereby the 
actuating current is caused to go through the motors. 


Cars running in one direction go on the electric conductors on 
the one side, those running in the other direction go on the other 
conductor. 

A great many refinements have been introduced, but the system 
has been very little used. 


Telephone. An instrument for the transmission of articulate 
speech by the electric current. The current is defined as of the 
undulatory type. (See Current, Undulatory.) 3 


The cut shows what may be termed the fundamental telephone 
circuit. A line wire is shown terminating in ground plates and 
with a telephone in circuit at each end. ‘The latter consists of a 
magnet /V S with a coil of insulated wire WH surrounding one end. 
Facing the pole of the magnet is a soft iron diaphragm JD, held in 
a frame or mouthpiece 7: Any change of current in the line 
affects the magnetism of the magnet, causing it to attract the dia- 
phragm more or less. The magnet and. diaphragm really consti- 
tute a little electric motor, the diaphragm vibrating back and 
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‘ forth through an exceedingly short range, for changes in the mag- 
netic attraction. 
Thé principle of the reversibility of the dynamo applies here. 
If the magnet is subjected to no change in magnetism, and if the 
diaphragm is moved or vibrated in front of its poles, currents will 
be induced in the wire bobbin which surrounds its end. If two 
such magnets with bobbins and diaphragms are arranged as shown, 
vibrations imparted to one diaphragm will send currents through 
the line which, affecting the magnetism of the distant magnet, will 





Fig. 324. DIAGRAMOF BELL TELEPHONES AND LINE WITH EARTH CONNECTIONS. 


cause its diaphragm to vibrate in exact accordance with the motions 
of the first or motor diaphragm. Inthe combination one telephone 
represents a dynamo, the other a motor. 

If the vibrations of the diaphragm are imparted by the voice, the 
voice with all its modulations will be reproduced by the telephone 
at the distant end of the line. 

The above gives the essential features of the Bell telephone. In 
practice the telephone is used only as the receiver. As transmitter 
a microphone is employed. To give the current a battery, generally 
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Fig. 325. SEcTION oF BELL TELEPHONE. . 


of the open circuit type, is used, and the current in the line is an 
induced or secondary one. 
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The microphone which is talked to, and which is the seat of the 
current variations which reproduce original sound, is termed the 
transmitter, the telephone in which thesounds are produced at the 
distant end of the line is termed the receiver. 3 


Fig. 325 shows the construction of the Bell telephone in univer 
use in this country as the receiver. Misa bar meenee poe 
LL. B#B isabobbin or coil of insulated wire surrounding one 
end of the magnet. JD is the diaphragm of soft iron plate (ferro- 
type metal), and # is the mouthpiece. The terminals of the coil 
4 & connect with the binding screws CC. The wire in the coil 

is No. 36, A. W. G., and is wound to a 
resistance of about 80 ohms. . 


a: rica cee the Blake instru- 
Wh ment may becited. It isacarbon micro- 
\\P Phone. It is shown in section inthe cut ; 
RG" @is the mouthpiece and ¢ isa diaphragm 
82. SC! of iron plate, although other substances 
could be used ; f is a steel spring, with a 
platinum contact piece atitsend. Oneend 

bears against the diaphragm, the other 
against a carbon block £. The latter is car- 

ried by a brass block f, and pressure is 
maintained between these contacts by the 
spring g and weight of the piece c, which 

eC by gravity tends to press all together. 
The current passes by way of the spring 

J, carbon button £ and spring g through 

' the circuit indicated. ; 


A battery is in circuit with these parts. 
If a telephone is also in circuit, and the 
transmitter is spoken against, the dia- 
phragm vibrating affects thé resistance of 
the carbon-platinum contact, without even 
breaking the contact, and the telephone 
reproduces the sound. ‘The heavy piece 
of metal c acts by its inertia to prevent 
Preaine of ve contact. The position of 

1s plece ¢, which i i 
plate m, is adjusted by the aie n. ne 

_in practice the transmitter and battery are usual] é 
circuit, which includes the primary of an inductia col. The tae 
and distant receiving telephone are in circuit with the secondar 
of the induction coil, without any battery. : 


Uy 


y Ys YA \ MU 





ts = | 
GP 


Fig. 326. SECTION oF 
BLAKE TRANSMITTER. 


Telephone, Bi-. A pair of telephones carried at the ends of a 
curved bar or spring so that they fit the head of a person using 
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them. One telephone is held against each ear without the use of 


the hands. 


Telephone, Capillary. A telephone utilizing electro-capillarity 
for the production of telephonic effects. The following describes 
the invention of Antoine Breguet. 


As 
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Fig. 327. BreGuEt’s CAPILLARY TELEPHONE. 


The point of a glass tube, drawn out at its lower end to a capillary 
opening dips vertically into a vessel. This vessel is partly filled 
with mercury, over which is a layer of dilute sulphuric acid. The 
end of the immersed tube dips into the acid, but does not reach 
the mercury. One line contact is with mercury in the tube, 
the other with the mercury in the vessel. The arrangement of 
tube and vessel is duplicated, giving one set for each end of the 
line. On introducing a battery in the circuit the level of the mer- 
cury is affected by electro-capillarity. The tubes are closed by 
plates or diaphragms at their tops, so as to enclose a column 
of air. It is evident that the pressure of this air will depend 
upon the level of the mercury in the tube, and this depends on the 
electro-motive force. On speaking against the diaphragm the 
sound waves affect the air pressure, and consequently the level, 
enough to cause potential differences which reproduce the sound in 


the other instrument. 


Telephone, Carbon. A telephone transmitter based on the use 
of carbon as a material whose resistance is varied by the degree of 
pressure brought to bear upon it. Undoubtedly the surface contact 
between the carbon and the other conducting material has much to 
do with the action. Many carbon telephones have been invented. 
Under 7Zelephone the Blake transmitter is described, which is a 
carbon telephone transmitter. The Edison carbon transmitter is 
shown in section in the cut. / is the mouth piece and PD the 
diaphragm. / is a carbon disc with adjusting screw V. A platinum 
plate & 2, with ivory button J, is attached to the upper surface of 
the carbon disc. C Cis an insulating ring. The wire connections 
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shown bring the disc into circuit. 
transmitter. It is now but little used 





Fig. 328. Suction or Epison Carpon TRANSMITTER. 


Telephone, Chemical. A telephone utilizing chemical or elec- 
trolytic action in transmitting or receiving. The electro-motograph 
is an example of a chemical receiver. (See Llectro-motograph.) 


Telephone, Electrostatic. A telephone utilizing electrostatic 
disturbances for reproduction of the voice. In the cut D and C 





Fig. 329. Dr1acram or Epison’s ELECTROSTATIC TELEPHONE. 
are highly charged electrophori. 
when spoken to affect the potential of 
produce current variations which will 
bear and others have invented other forms of transmitters based on 
electrostatic action. Receivers have also been constructed. A 


simple condenser may be made to reproduce sound by being con- 
nected with a powerful telephone current. 


Telephone Induction Coil. The induction coil used in tele- 
phone circuits for inducing current on the main line. It is simply 
a small coil wound with two separate circuits of insulated wire. 


The diaphragms 4 and B 
the electrophorus so as to 
reproduce the sound. Dol- 


It is connected like a Blake 
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il, in circuit with the trans- 
ison telephone the primary coil, in circuit w: 
nee a8 ae No. 3 to 24 wire and of 3 to 4 ohms resistance. Tey 
ae ndary in circuit with the line and receiving instrument is O 
No: 36 oe and of 250 ohms resistance. The Bell eee el 
: . 4 O a H 
i il has its primary of No. 18 to 24 wire woun 
ae % ohm, te its secondary of No. 36 wire, and of 80 ohms 
resistance. 


i lephone containing two 
hone, Reaction. A form of te 
sa insulated wire, one of which is mounted on the ee aus 
the other on the magnet pole in the usual way. These coils 

upon each other so as to strengthen the effect. 


, ne, Thermo-electric. A telephone transmitter 1n- 
auine s thermo-electric battery, placed in circuit with eae oe 
A plate of vulcanite faces it. When-the sound waves strike i 
Sr leahite they move it backward and forward. These SERS 2 

ing to the elasticity of the vulcanite, produce minute ‘ 8° s 
foaperature in it, which affecting the thermo-electric Be pro ne 
in the circuit currents, which passing through a Bell telep ene 
it tospeak. This type of instrument has never been adop 
practice. 


itti ictures electrically, 
ote. An apparatus for transmitting pic 
fama of seleniuti being utilized for the purpose. 
Synonym—Pherope. 


i dial the object 
me. An annunciator, displaying on a 
ie the person using it. It is employed to transmit messages 
Loni rooms in a hotel to the office, or for similar functions. 


Tele-thermometer. A thermometer with electric attachment 
for indicating or recording its indications at a distance. 


Tempering, Electric. A process of tempering metals by elec- 


trically produced heat. ‘The article is made part of an elecinic Cire 


: : Sorat. 
rrent passing through it heats it, thereby tempering 
For “eae eee oat be made continuous. The wire is 
from one roll to another, and if eee ou roll fee ve paren 
iqui ire between the rolls may be 3 
pe era ll and goes through the wire to 
The current is brought to one roll and g ‘ 

nstantly fed from one ro 
the other. As it does this the wire 1s co AY ee nee 
. The bath may be used as described to 
Katee phe amount of heating may be regulated by the rate of 
motion of the wire. | | 
Ten, Powers of. This adjunct to calculations has become al- 
9 


ee ; ine wi i f the C. G.S. sys- 
dispensable in working with units o -G ) 
rae = Be in using some power of Io as a multiplier which 
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may be called the factor. The number multiplied may be called 
the characteristic. The following are the general principles. . 


The power of 10 is shown by an exponent which indicates the 


number of ciphers in the multiplier. Thus 10? indicates 100; 103 
indicates 1,000 and so on. 


The exponent, if positive, denotes an integral number, as shown 
in the preceding paragraph. The exponent, if negative, denotes 
the reciprocal of the indicated power of 10. Thus 10~ indicates 
too 5 10 indicates To07 aud so on. . 


The compound numbers based on these are reduced by multi- 
plication or division to simple expressions. Thus: 3.14 X 107 = 
3-14 X 10,000,000 = 31,400,000. 3.14 X I0-7 = roxeeooy «(OF 
Toov000000- Regard must be paid to the decimal point as is 
done here. 


To add two or more expressions in this notation if the exponents 


of the factors are alike in all respects, add the characteristics and 
preserve the same factor. Thus: 


5I X 10°) + (54 X 10°) = 105 X 108 
9.1 X I0-*) + (8.7 X I0-%) = 17.8 X I0~%, 


_ To subtract one such expression from another, subtract the char- 
acteristics and preserve the same factor. ‘Thus: 


(54 X 10°) — (51 X 10°) = 3 xX 0%, 

If the factors have different exponents of the samme sign the factor 
or factors of larger exponent must be reduced to the smaller ex- 
ponent, by factoring. The characteristic of the expression thus 
treated is multiplied by the odd factor. This gives a new expression 
whose characteristic is added to the other, and the factor of smaller 
exponent is preserved for both, 

Thus: 


(5 xX Io’) + (5x TO?) ==. (5 10’) + (5X I00 x To") =='505:.< 
Io!” 


The same applies to subtraction. ‘Thus: 
(5 X 10") —(5 X 10") = (5 X 100 X 10") — (5 X 10") = gos X IOl, 


If the factors differ in sign, it is generally best to leave the 
addition or subtraction to be simply expressed. However, by fol- 
lowing the above rule, it can be done. Thus: | 

Add 5 X 10 and 5 x 10%. (5 X 10%.) 


5 X Io* =5 X 10° X I0-*; (5 x I0° X Io-*) + (5 xX I0~-*) = 500005 
X Io-*. This may be reduced to a fraction BO te == 5000.05. 

To multiply add the exponents of the factors, for the new factor, 
and multiply the characteristics for a new characteristic. The ex. 
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, i : is, if of different signs 
be added algebraically: that is, if o 
eg ee emaller ore is subtracted from the other one, and 
its sign is given the new exponent. 
Thus : | St 
ae 10°) ><: (9< 10°) — 225% 107. 
eo << 10-°) x (11 X 10’) = 319 x jbo 
(9X 10°) X (98 X10’) = 882 X Io”. ae 
i i t of the divisor 
i , subtract (algebraically) the exponen 
ae eat the fs for the exponent of the new factor, and 
divide the characteristics one by the other for the new character- 
istic. Algebraic subtraction is effected by changing the sign of ie 
subtrahend, subtracting the numerically smaller number ao : e 
larger, and giving the result the sign of the larger number. (Thus 
to subtract 7 from 5 proceed thus: 5 — 7 =-—2. 
Thus : 
(25)5@, 10°)-4(5) e105) —— 5 Os Z 
(28 < I0-*):— (5 X< 10°) = 5.6 x Io- 
ion. Electro-motive force or potential difference in a cur- 
a Se etein ie often thus termed. It is to be distinguished from 
intensity or current strength, which word ittoo greatly resembles. 


i i iti lectrified body is 
nsion, Electric. (a) The condition an e 
ee into by Reece when each molecule repels its 
neighbor. ‘The condition is described as one of self-repulsion. 
(6) The voltage or potential difference of a circuit is also thus 
termed. 


i ic circuit, or of any 
Terminal. The end of any open electric circuit, 
electric apparatus ; as the terminals of acircuit, dynamo, or battery. 


i i i he last pole of 
rminal Pole. In telegraph line construction t 
a ae ; one beyond which the line is not carried. Such pole, as 
the pull of the wires is all in one direction, requires special staying 
or support. The regular line poles are free from this strain, as the 
wire pulls in both directions. 


, iC. erm in electro-therapeutics. An effect 
seed a fe ae rapidly alternating induced currents. 
The currents are produced by an induction coil with a es 
giving a musical note. This isa species of gauge of proper fre 
quency of alternations. Eee: | ; 

Theatrophone. An apparatus worked by automatic paying 


machinery by which a telephone connection is made with a theatre 
or opera by the deposition of a coin in a slot. 


d by the British 
Therm. A unit of heat. It has been proposed by 
Association and amounts to a redefinition of the smaller calorie. It 
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is the amount of heat required to raise the temperature of one gram 


of water one degree centigrade, starting at the temperature of 
maximum density of water. 7 | ee 


Thermesthesiometer. An electro-therapeutic instrument for 
testing the sensitiveness of the surface of the body to changes of 
temperature. Vessels of mercury are provided with thermometers 
to indicate their temperature. “One vessel is surrounded by an 
electric conductor wound in a number of turns. The temperature 
is raised by passing a current through this. By successive appli- 
cations of the vessels to the same spot upon the skin the power of 
differentiating temperatures is determined. © 


Thermo Call. (a) An electric alarm or call bell operated by 
thermo-electric currents. It may serve as a fire alarm or heat indi- 
cator, always bearing in mind the fact that differential heat is the 
requisite in a thermo-electric couple. 


(6) See Thermo-electric Call. 


Thermo-chemical Battery. A voltaic battery in which the 


electro-motive force is generated by chemical action induced by 
heat. 


The chemical used generally is sodium nitrate or potassium 
nitrate. The positive plate is carbon. On heating the battery the 
nitrate attacks the carbon, burning it and produces potential differ- 


ence. For negative plate some metal unattacked by the nitrate 
may be employed. 
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Fig. 330. PourttetT’s THERMO-ELECTRIC BATTERY. 


Thermo-electric Battery or Pile. A number of thermo-electric 
couples q. v., connected generally in series. : 


In Nobili’s pile the metals are bismuth and antimony; paper 





. STANDARD ELECTRICAL DICTIONARY. 531 


ae i i , i here required. 
d with varnish are used to insulate w 
Pesan cts pile copper sulphide een oe ae 
, 10 nickel) are the two elements. Jhe artinc | 
Minnie made into slabs 4 inches long, 34 inch wide, and eee 
thick (about). Water is used to keep one set of junctions cool, an 





ES. 
Fig. 331. BECQUEREL’s THERMO-ELxcTRIC BaTTERI 


~ gas flames to heat the otherset. In Fig. 331, c,@ represent the bind- 


ical standard, with 
i . ‘The couples are mounted on a vertica , Ww 
aarictinie egelket and eres B, so that its lower end can be im- 
mersed in cold water, or raised therefrom as desired. 


Fig. 332 shows one couple of the battery. S is artificial anti- 
mony sulphide; M is German silver; m isa 
protecting plate of German silver to save 
the sulphide from wasting in the flame. 


nd’s pile has been used in practical 
oe "The deeative element is an alloy of | 
antimony, 2 parts, zinc, 1 part. The positive 
element is tin plate. Mica insome parts, a 
a paste of soluble glass and asbestus in ot a 
parts are used as insulators. They are but : 
up so as to form a cylinder within whic Big oe ie gees On 
the fire is maintained. Theairisreliedon  pycouErnr’s THEaMo- 
to keep the outer junctions cool. the ELectric BATTERIES. 
temperature does not exceed 200° C. (392° F.) : ae 
| Sixty such elements have an electro-motive forse see uel 
and an internal resistance of 1/4 ohms. Such a . ay pats 
the consumption of three cubic feet of gas per hour. (Se ; 
Thermo-electric.) 


i d to ring a bell or 
-electric Call. A thermostat arrange 
jute eatne indication when the temperature rises or falls beyond 
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certain points. It may be a compound bar of brass and ddl 
steel fi 
at one end and free for the rest of its length. Its end comes betwee 


two adjustable contacts. As the tem ises 1 ) 
. emperature rises it bends one w 
(away from the brass side) and, if hot enough, touching a cow 


gives one signal. If the temperature falls it curves the other way, 


and if cold enough touches the other ivi : 
(See Thermostat, Electric.) er contact, giving another signal. 


Thermo-electric Couple. If two dissimilar co 
adjacent parts of a closed circuit, and their junction iS a se diforcat 
temperature than that of the rest of the circuit, a current will result 
Such pair of conductors are called a thermo-electric couple. They 
may be joined in series so as to produce considerable electro-motive 
force. (See Zhermo-electricity and other titles in thermo-clec- 
tricity.) | 

The efficiency of a thermo-electric couple accordin 
law of thermo-dynamics is necessarily Toa tee ee S ea 


Thermo-electric Diagram. A diagram indicatin 
in potential difference for a fixed ieee of eerie ae beeen 
different metals at different temperatures. It is laid out with 
rectangular co-ordinates. On one axis temperatures are laid off 
generally on the axis of abscissas. On the other axis potential 
differences are marked. Different lines are then drawn, one for 
each metal, which show the potential difference, say for one degree 
centigrade difference of temperature between their junctions, pro- 
duced at the different temperatures marked on the axis of abscissas. 





_ Fig. 333. THERMO-ELEcTRIC Diacram, Givinc PoTENTIAL DIFFERENCE IN 
C2GzS:-UNits: 

Thus taking copper and iron we find at the temperature 0° C 
(32° F.) a difference of one degree C. (1.8° F.) in their junctions 
will produce a potential difference of 15.98 micro volts, while at 
274.5 C. (526.1° F.) the lines cross, and zero difference of potential 
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is indicated. Taking the lead line on the same diagram it crosses 
the iron line a little above 350° C. (662° F.), indicating that if one 
junction is heated slightly above and the other is heated slightly 
below this temperature no potential difference will be produced. 
Lead and copper lines, on the other hand, diverge more and more 
as the temperature rises. 


Thermo-electric Inversion. ‘The thermo-electric relations of 
two conductors vary at different temperatures. Sometimes at a defi- 
nite point they have no electro-motive force and after passing this 
point the positive plate becomes a negative one and vice versa. 
This is inversion, or reversal. (See Zhermo-electric Diagram.) 


Synonym—Thermo-electric Reversal. 


Thermo-electricity. Electric energy, electro-motive force or 
electrification produced from heat energy by direct conversion. It 
is generally produced in a circuit composed of two electric con- 
ductors of unlike material, which circuit must possess at least two 
junctions of the unlike substances. By heating one of these to 
a higher temperature than that of the other, orby maintaining one 
junction at a different temperature from that of the other a poten- 


tial difference is created accompanied by an electric current. 


In many cases differential application of heat to an identical 
material will develop potential difference. This effect, the con- 
verse of the Thomson effect, is not used to produce currents, as in 
a closed circuit the potential differences due to differential heating 
would neutralize each other. 


Thermo-electric Junction. A junction between two dissimilar 
conductors, which when heated or cooled so as to establish a 
differential temperature, as referred to the temperature of the other 
junction, produces potential difference and an electric current. 


Thermo-electric Pile, Differential. A thermo-electric pile 
arranged to have opposite faces subjected to different sources of 
heat to determine the identity or difference of temperature of the 
two sources of heat. It corresponds in use to a differential air ther- 
mometer. : 


Thermo-electric Power. ‘The coefficient which, multiplying 
the difference of temperature of the ends of a thermo-electric 
couple, gives the potential difference, expressed in micro-volts. It 
has always to be assigned to a mean or average temperature of the 
junctions, because the potential difference due to a fixed difference 
of temperature between two metals varies with the average tem- 


_ perature of the two junctions. (See 7hermo-electric Diagram.) 


For bismuth and antimony at 1934° C. (67.1° F.) it is 103 micro- 
volts per degree Centigrade (1.8° F.). This means that if one june 


























534 STANDARD ELECTRICAL DICTIONARY. 


tion is heated to 19° C. and the other to 20° C.. (66.2° F. and 68.0° 
F.) a potential difference of 103 micro-volts will be produced. ~ 


The potential difference is approximately proportional to the 
difference of temperature of the two junctions if such difference is 


small. Hence for large differences of potential the thermo-electric 
power coefficient does not apply. | 


As a differential function it is thus deduced by Sir William 
Thomson, for expressing the E.M.F. in a thermo-electric circuit : 


If acircuit is formed of two metals with the junctions at indefin- - 


itely near temperatures, ¢ and ¢ + dt, and dE is the BE. M. F. of the 
circuit, then the differential coefficient dE /d¢ is called the thermo- 
electric power of the two metals for the temperature ¢, 


Thermo-electric Series. ‘The arrangement of possible thermo- 
electric elements, q. v., in a table in the order of their relative 
polarity. Bismuth and antimony form a couple in which when 
their junction is heated the bismuth acts as the positive or nega- 
tively charged element and antimony as the negative or positively 


charged. Between these two extremes according to Seebeck the 
series runs as follows: 


Antimony, Silver, Copper, 
Arsenic, Gold, Platinum, 
Iron, Molybdenum, Palladium, 
Steel, Tin, Cobalt, 
Cadmium, Lead, Nickel, 
Tungsten, Mercury, Bismuth. 
Zinc, Manganese, 


A differential temperature of 1° C. (1.8° F.) in a bismuth-anti- 
mony couple maintains a potential difference of 103 micro-volts. 

Matthiessen gives a different series; it is atranged in two 
columns; the first column has positive coefficients annexed the 
second has negative. On subtracting the greater one from the 
lesser, which, if the two elements are in different columns, of 
course amounts to adding after changing the negative sign, the 
relative potential difference due to the combination is obtained. 


+: : — 
Bismuth . 825 Gas Coke : O.I 
Cobalt : 9 Zine : 0.2 
Potassium . oe tas Cadmium ; 0.3 
Nickel ; 5 Strontium . : 2.0 
Sodium: «*. Suess Arsenic : 3.8 
Lead : 1.03 Iron : é 5.2 
Tin Paes I Red Phosphorous 9.6 
Copper : al Antimony . : 9.8 
Silver é seed Tellurium 3 179.9 
Platinum : Or7; Selenium , $290 
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: i f a bismuth-nickel couple, as both 

Thus the relative E. M. F. ° er es 
ae ey an a other in the — colvansy 
Ss ye 14.2. Alloys are not always intermedia a 
ane an ie and small amounts of impurities ree ae 
Fett lan oe This may account for the discrepancies one iffere : 
See ee compounds could be introduced into the series. . 
O : 


Artificial silver sulphide has been used by Becquerel in a 


_ thermo-electric battery. 


i i tial ther- 
i mometer. A species of differen 

Ua eite aly ane thermo-electric junctions conneet 

pore eter in the circuit. Any inequa eh 

of temperature in the two oe or eae ee Bee Ce ie 

lvanometer. It may : . d 

ee eee ae place, one of the junctions poe eee : 

Seed the other being under control of the Oe fon ene 

ee Sanction is heated until no coe ee aS anGEOE 

eres ; to that of the distan | 

Je eee ne. ee with hot water or mercury, tee 

Needed The temperature of the water, or other su ) 
ae the temperature of the distant place. 


Thermolysis. Decomposon by nee ; ee : eTeceE. 
decomposable by heat 1 ee 
ee 5 coe eivuied fe peratutes there can be no combustion 


Synonym —Dissociation. aS : =) 
i i ting the intensity 0! 
r. An instrument for indica 
uae aaa of degrees of ee a eee ea 
i nd Centigrade, ea 
ee é Bae ieee Zero, Ti hermometric— Zero, Absolute.) 
ae di ie thermometer depends on the expansion oO see ry ; 
a fee a alcohol is used. Besides these the BS eee = 
sincicle "as used in the thermostat (see Thermostat, 
pr 


employed. ae 
i ter whose indicatio 
r, Electric. (a) A thermometer who 
ee Be bane of ese in Sty ee eee 
_ Two exactly similar resistance : 
ete pained against each other. On pallens Sere ee 2 
i a its resistance will change and it we oe g eee ae e i 
: i i 4 
Weas heating the other co 
beliuee 2S eae of the oe gives the ee of both 
He The coils are enclosed in water-tight metallic cases. 
coils. 


Synonym—Electric Resistance Thermometer. 


necting with 
i ial thermometer may be made by con ng 
Ne OY eos, two thermo-electric couples in opposition to 
a pa 


mometer. 
in opposition with a galvanom 
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each other, and including a galvanometer i i 

¢ ( rin series. 
junction of one couple more than that of the aihee eee 
goes through the galvanometer. 


(c) (See Thermometer, Kinnersley’s.) 
Synonym—Thermo-electrometer. 


Thermometer, Kinnersley’s. 
glass tube is mounted on astandar 


co 
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- Fig. 334. Kinnerstry’s THERMO 
bottom. The upper wir : Sees : 
decouety 4 atau a e can be adjusted by moving up and. down 
space between the Robs on the two wites the watcr fora moment 
; ul tube. There is little or no accuracy i nee 
‘ment. It is allied to the electri cy in the instru- 
ardeousGnHGe apres ectric mortar (see Mortar, Electric) as 


SENT eta Thermometer—Thermo-electrometer 
ermo=-multiplier. A thermo-electri : Dae 
ber of couples. The term is Rede battery including a num- 


° ° ° ° ° ° ° ° 2 lied to a 
with its similar junctions facing in one dipestion ae 


ting the 
a current at once 


A thermo-electrometer. A large 


d and communicates wi 
tube parallel to it. Water is poured in soas to rise in eda ae 


Two wires terminating in bulbs enter the large tube by its top and 


On discharging a Leyden jar through the 
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peating Melloni’s experiments on ‘radiant energy, or so-called 
radiant heat. 3 : 


Thermophone. An apparatus for reproducing sounds telephonic- 
ally by the agency of heat; a receiving telephone actuated by 
heat. Thus a wire may be attached to the centre of a diaphragm 
and kept in tension therefrom, and the transmitting telephone cur- 
rent may be caused to pass through it. The wire changes in 
temperature and consequently in length with the pulses of current 
going through it and vibrates the diaphragm, reproducing the 
sound. It is to be distinguished from the thermo-electric tele- 
phone which involves the action of potential difference produced 
by thermo-electric action. 


Thermostat, Electric. Athermostat or apparatus, similar to a 
thermometer in some cases, for closing an 
electric circuit when heated. It is used 
in connection with automatic fire alarms 
to give warning of fire. For this use a 
temperature of 52° C. (125° F.) is an 
approved one for setting one at, to com- 
plete the circuit. It is also applied to 
regulation of temperature, as in incu- 
bators. 


(a) One kind of thermostat consists ofa 
compound bar wound into a spiral and 
fastened at one end, to which a terminal 
of acircuit is connected. The bar may 
be made of two strips of brass and iron 
riveted together, and wound into a spiral. 
When such a bar is submitted to changes 
of temperature it bends in different direc- 
tions, because brass expands and contracts 
more under changes of temperature than 
does iron. A contact point, to which the 
other terminal is connected, is arranged to 
make contact with the spiral at any desired degree of temperature, 
thus closing an electric circuit and ringing a bell, opening or 
closing a damper, or doing anything else to notify an attendant or 
to directly change the temperature. 


If the brass forms the outside of the spiral, increase of temperature 
makes the bending of the spiral bring the coils still closer. If the 
brass forms the inside, increase of temperature makes the spiral 
tend to become less close. As shown in the cut, the brass should 
lie along the inside of the spiral. 


Sometimes a straight compound bar is used, one of whose ends is 
fastened and the other is free. As the temperature changes such a 
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bar curves more or less, its free end moving to and fro. ‘Two con- 


tact screws are provided, one on each side of its free end. -If the 
temperature falls it makes contact with one of these; if the tem- 


perature rises, it makes contact with the other. Thus it may close 


one of two circuits, one for a fall and the other for a rise in tem- 
perature. 


It is well to introduce a third bar between the brass and iron ones, 


made of some material of intermediate coefficient of expansion. 


(6) Another kind of thermostat comprises a vessel of air or other 
gas, which, expanding by heat, actuates a piston or other device 
and closes an electric circuit. 

Synonym—Electro-pneumatic Thermostat. 


(c) Another form utilizes the expansion of mercury. The mercury 
is made part of an open electric circuit. As it expands it comes in 
contact with the other terminal of the circuit, thus completing it, 
when the current gives an alarm or does as is provided for in the 
apparatus employed. 


Thermostats may be worked on either open or closed circuits; 
normally the circuit may be open as described and may close on 


rise of temperature, or it may be normally closed and open as the 
temperature rises. 


_ Thomson Effect. In an unequally heated conductor the dif. 
ferential heating is either increased as in iron, or diminished as in 
copper by acurrent. In lead the phenomenon does not occur. It 
is termed the Thomson effect. It is intimately related to the 
Peltier effect. } 


In a thermo-electric couple a heated junction is the source of 
electro-motive force, if heated more than other parts of the circuit. 
The current in a copper-iron junction flows from the copper to 
the iron across the heated junction. A hot section of an iron con- 
ductor next to acold section of the same is a source of thermo- 
electricity, in the sense that the hot section is negative to the 
colder. A current passing from the hot to the cold iron travels 
against rising potentials, and cools the iron in the cooler parts. As 
it passes to the hotter parts it travels against falling potentials and 
hence heats the iron in these parts. In this way a current intensifies 
differential heating in an iron conductor. 


In copper the reverse obtains. In it the thermo-electric relations 
of hot and cold copper are the reverse of those of iron, and a cur- 
rent tends to bring all parts of a differentially heated copper con- 
ductor to an identical temperature. 

As a current travels in iron from hot to cold it absorbs heat; in 
coppe traveling from cold to hot it absorbs heat. 


The convection of heat by a current of electricity in unequally 
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i it i i f heat 
‘ed iron is negative, for it is opposed to that convection o 
ae would Bek roueht about by the flow of LS oe 
unequally heated tube. In copper, on the other hand, the e 
convection of heat is positive. (Daniell.) 
The above effects of the electric current upon an thy y 
heated conductor are termed the Thomson effects. In rope My 
red heat, they are reversed and are probably again rev 


higher temperatures. 


i istribution of electric 
ssee Wire System. A system of distributio : 
Gate neaeiple arc or constant potential service. It is the 

invention of Thomas A. Edison. . 
It includes three main wires which start from the See ones 
or generating plant, and ramify with Se ane a Sake 
i the district or buildin ; 
size, everywhere through Oe ee 
inari d out when dynamos are used, y 
ae ais ena of two. One lateral lead starts from ay 
Hepat binding post of one dynamo. oe eee oat a 
1 tive o e other. 
this dynamo connects to the nega a ee ee 
s the central or neutral lead 1s con : 
ee cea Gane from the positive binding post of the second 
dy namo. 
“the lamps or other appliances are calculated for the potential 
difference of a single dynamo. They are arama Doe ee 
neutral wire and the laterals, giving as even a disposition 
ossible to the two laterals. 
; If evenly arranged and all burning or using current, no current 








4 
+ 
r= OP Ov2Or’O.©O..©-7@? Or @ 
; | | NeutTraL WIRE. 
Fig. 336. Dracram oF THREE Wire SysTEM SHowinG NeEvT 











goes through the neutral wire. If all the lamps situated on one 


ircul h the neutral 
on open circuit all the current goes throug 
ae Th antes cases the neutral wire receives the excess of 


current only. | : 
i ller wire than 
dvantages of the system are that it uses sma : 
ae Le are Sees for lamps of the same voltage. ut ae os 
double the voltage were used the two wire system would be mos 
economical. é : : 
| i ess used, 
ire and five wire systems have been more or 
beet on identical considerations, and involving in each case the 
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ing a dynamo with special armature connections to give the 
requisite three-fold or four-fold division of total potential. Inthe 
five wire system the total 
lamp, the lamps are arranged four in series across the leads and 
the central wire is the only one that can be considered a neutral 
wire. When lamps are burning entirely from three side-leads they 
constitute a sort of three wire system by themselves, and their 
central wire may for the time be a neutral wire. 


In some of the three wire mains, especially in the larger sizes, 
the neutral wire is made of much smaller section than that of 
a lateral conductor, because in extensive districts it is practically 


impossible that the current should be concentrated in the neutral 
wire. 


Throw. Ina galvanometer the instantaneous deflection of the 
needle when the contact or closing of the circuit is instantaneous, 
or when the discharge is completed before the needle begins to 
move. The throw of the needle is the datum sought when the 

_ ballistic galvanometer is used. 


Synonym—Elongation. 


Throw-back Indicator. A drop annunciator, whose shutter or 
drop is electrically replaced. 


Thrust=-bearings. | Bearings to support the end-thrust or push 
of a shaft. In disc armatures where the field-magnets attract the 
armatures in the direction of their axis of rotation, thrust-bearings 
have to be provided. In ordinary cylinder or drum armatures end- 
thrust is not applied, as a little end motion to and fro is considered 
advantageous as causing more even wear of the commutator surface. 


Thunder. The violent report which, as we hear it, succeeds the 
lightning flash in stormy weather. It is really produced simulta- 
neously with the lightning and is supposed to arise from disturbance 
of the air by the discharge. The rolling noise has been attributed 
to successive reflections between clouds and earth, and to series 
of discharges reaching the ear from different distances and through 
air of varying density. The subject is obscure. By timing the 
interval from lightning flash to the report of the thunder an approx- 
imate estimate of the distance of the seat of discharge can be made. 
The first sound of the thunder should be timed. An almost concur- 


rence of thunder and lightning indicates immediate proximity of 
the discharge. 


Ticker. A colloquial name for a stock or market report automatic 


‘printing telegraph, which prints its quotations and messages on a 
long tape. 


coupling of three or of four dynamos respectively, or else employ- 


voltage is four times that of a single 
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i onstant. (a) When current is first turned into a circuit 
dcwele ene anca it is resisted rather by the inductance 
than by the resistance. It is governed by the ratio of epee 
and self-induction and this factor represents the time which it ze ee 
for the current to reach a definite fraction of its final strength. his 
fraction is 27488>o0r 0.63. 2.7183 is the base of the Napierian 
system of logarithms. Thus if in any circuit we divide the i 
ductance in henries by the resistance in ohms, the ratio gives t aS 
time-constant of the circuit, or it expresses the time which it wi 
take for the current to reach 0.63 of its final value. 


(6) In astatic condenser the time required for the charge to fall 
to 1/2.7183th part of its original value. 


i i i torage bat- 
Time Cut-outs. Cut-outs which automatically cuts 
teries out of the charging circuit when they aresufficiently charged. 


i f electro- 

Time-fall. In asecondary battery the decrease with use o 
motive force maintained by a primary or secondary battery. As 
the battery becomes spent its voltage falls. The conditions of the 
fall are represented by its discharging curve. (See Curve, D1s- 


charging.) 
i i i - ics; the period of 
me-reaction. A term in electro-therapeutics; the | 
Be occupied in the passage of the effects of an electric current 
from nerve to muscle. 


i ) i of electro- 
Time-rise. In a secondary battery the increase .o 
motive force produced during the charging process. Its rate and 
conditions are graphically shown in the charging curve. (See 
Curve, Charging.) 


i : : 1, Sn; atomic 
Tin. A metal; one of the elements; symbol, ; ! 
weight, 117.8; equivalent, 58.9 and 29.5; valency, 2 and 4; specific 

gravity, 7.3. It is a conductor of electricity. 


: ce 8.984 
Relative resistance, compressed, (Silver = 1) 
Specific resistance at 0° C. (32° BE.) 13.21 microhms. 
Resistance of a wire at 0° C. (32° F.), 


ighi i 80 ohms. » 
a) 1 foot long, weighing I grain, 13 ba: 
5) 1 foot ions. I-1000 inch thick, 79-47 a 
(c) I meter long, weighing I gram, 9832 7 


(dz) 1 meter long, 1 millimeter thick, 
Resistance of a I inch cube at 0° C. (32° F.), 5.202 microhms. 
Percentage of variation in resistance per degree C. (1.8° F.), at 
about 20° C. (68° F.), .365 per cent. 
Electro-chemical equivalent (hydrogen = .o105), .619 ES 
310 
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Tinnitus, Telephone. A nervous affection of the ear, of the | 


order of professional Mee 
tleonone. cramp; it 1s attributed to too much use of the 


Tin pounders: A recent addition to the single needle telegraph | 


(See Zelegraph, Single Needl 
cousists of small tin iis me ada 
bent, and so fitted in pairs to the in- 
strument, that the needle as deflected 
strikes one or the other on its right 
and left handmovements. ‘Thesound- 
ers can be made to give sufficient] 
distinctive sounds to make sonde aL 
ing, q. v-, possible. Commercial tin 
plate, which is really tinned iron, seems 
to give the best results. : 


Tissandier’s Solution i 
- A-solution 
for bichromate batteries. It j 

‘ t - 
posed as follows: : ae 


Water, Ioo parts by weight— . : | 
66° sulphuric acid: ay pea t—potassium bichromate, 16 parts— 


Tongue of Polarized Rela 

hada ce y- The German si 

the vibrating or oscillating member of a polerioed play cone 
sponding to the armature of an ordinary relay. a Soe 





Fig. 337. Tin SouNDERS. 


Tongue of Polarized Relay. Bi 
ay, Bias of. In a Siemens’ i 
relay the pole pieces are adjustable so that they ae eee 
nenier to or withdrawn from the tongue. One of the poles is an 
usted s° ae ee ne erry tongue. This one-sided adjustment is 
4 elect 1s that when the relay is unexcited thi 
attracts the armatureso that it normally i q uae 
is drawn towards it. Thi 
ensures the normal contact of the iene 1 i fc ae 
: : : ue either with the : 
point, or with the insulated stop piece or adj We 
: Op p ustment screw. ith- 
i ea ee puns poe in contact oie or teas ae 
ve po was last attracted to. In its usual use a bias is 


Top, Magnetic. A toy i 
IC. y illustrating magnetic attracti 
consis of a disc or body of lead or se ABE Cea 
A aes ee ee spe pointed at its lower end is third 
* Terk pieces of iron wire are used with i as 
like an ordinary top upon the poi -with it. It is spun 
J C top point of the spindle and fi 
pieces of iron wire is laid by the side of i paca oe 
: ts point. Asittu h 
magnetic adherence causes the piece of wi arse ec 
: : : ; to be carried al 
in one direction by the rotation Pe th nad ; re cote 
: le, until th d i 
reached, when it goes over Se anon 1e end is 
easel aback apne to the other side of the spindle and 


en 





STANDARD ELECTRICAL DICTIONARY. 543 


By using bent pieces of wire of various shapes the most curious 


effects are produced. Circles and S shaped pieces give good effects. 














Wea eess 
APTA 


Mi 





Fig. 338. Macneric Top. 


T'o increase the mysterious effect covered iron wire (bonnet wire) 
may be employed. 


Torpedo, Electric. (a) A fish, the Raza Torpedo, waich 
possesses the power of giving electric shocks. (See Ray, Electric.) 


(6) An instrument of war; a torpedo whose operations include 
electrical discharge or other electric function or factor of operation. 


Torpedo, Sims-Edison. A torpedodriven by an electric motor, 
and also steered by electricity. Its motions are all controlled from 
the shore. ‘The torpedo proper is carried some distance below the 
surface of the water by a vessel immediately above it, from which 
it is suspended by two rigid bars. In the torpedo is a cable reel 
on which the conducting cable is disposed. An electric motor and 
controlling gear are also contained within the torpedo. In its 
front the explosive is placed. It is driven by a screw propeller 
actuated by the electric motor. As it moves it pays out cable so 
that it has no cable to draw after it through the water, the cable 
lying stationary in the water behind it. This avoids frictional 
resistance to its motion. The maintenance of the torpedo ata 
proper depth is one of the advantages of the system. 


Torque. A force tending to produce torsion around an axis. 
An example is the pulling or turning moment of an armature of 
an electric motor upon its shaft. It is often expressed as pounds 
of pull excited at the end ofa lever arm one foot long. 

The expression is due to Prof. James Thompson, then of the: ~ 
University of Glasgow. 3 

‘“‘Just as the Newtonian definition of force is that which pro- 
duces or tends to produce motion (along a line), so ¢orgue may 
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be defined as that which produces or tends to produce zorston 


(around an axis). It is better to use a term which treats this action 
as a single definite entity than to use terms like ‘ couple’ and 


‘moment,’ which suggest more complex ideas,””’ (S. P. Thomp-. 


sou.) 


A force, acting with radius + givesa torque equal to f x r; fand 
vy may be expressed in any units. S. P. Thompson gives the fol- 
lowing equivalents : 

To reduce 

dyne-centimeters to gram centimeters, divide by 981 
dyne-centimeters to meter-kilograms divide by 981 xX 10° 
dyne-centimeter, to pound-feet divide by 13.56 X Io? 
pound-feet to meter-kilograms divide by 7.23 


In each of these compound units the first unit is the force and 
the second unit is the radius or lever arm of the torque. | 


Synonyms—Turning Moment—Moment of Couple—Axial Couple 
—Angular Force—Axial Force. 


Torsion Balance, Coulomb’s. Originally an apparatus in which 
electrostatic attraction or repulsion is measured against the torsion 
of a filament, often of silk-worm cocoon fibre. It consists in 
one form of a cylindrical glass vessel in which a light shellac 
needle is suspended horizontally by a fibre. This needle carries at 
one end a gilded disc or sphere and is suspended by a fine wire, or 
filament. A proof plane, q. v., is excited by touching it to the 
body under trial; it is then inserted in the case. The disc on the 
needle is first attracted and then repelled. The position finally 
taken by the needle is noted. The force of torsion thus produced 
is determined by twisting the filament by the torsion head on the 
top of the apparatus so as to move the needle a certain distance 
towards the proof plane. The more the torsion-head has to be 
turned to carry the needle through a specified arc the greater is the 
torsion effected or the greater is the repulsion exerted, ‘The tor- 
sional force of a wire is proportional to the angle of torsion ; this 
gives the basis for the measurement. 


With magnetic needle it is used to measure magnetic repulsion 
and attraction. The best material for the filament is quartz, but the 
instrument is not very much used. 


Torsion Galvanometer. A galyanometer in which the torsion 
required to bring the index back to zero, when the current tends 
to displace it, is made the measure of the current strength or of 


the electro-motive force. It involves the use ofa torsion head, q. v., 
or its equivalent. 


Torsion Head. The handle and disc from whose undersurface 
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the filament depends to which the needle or magnetis attached. It 
is turned to measure the torsional effect, the edge of the disc being 
marked or graduated so as to give the angle of deflection required 
to overcome the effect of the torque of the needle. . | 


Torsion Suspension. Suspension by one or more wires, fibres, 
or ribands, involving the restitutive force of torsion. Thus fibre 
suspension, q. v., 1s a variety of torsion suspension. 


Often a single riband of steel stretched horizontally and secured 
at both ends is used, the suspended object, e. g., a balance beam, 
being attached at its own centre to the centre of the stretched 
riband. Quite sensitive balances are constructed on this principle. 
It is peculiarly available where an electric current is to be transmit- 


ted, as absolute contact is secured, as in William Thomson’s ampere — 


balances. — 


Touch. A term applied to methods of magnetization, as ‘single 
touch,’’ ‘double touch,’’ or ‘‘ separate touch,”’ indicating how the 
poles of the inducing magnet or magnets are applied to the bar to be 
magnetized. Under the titles of Wagnetization the different 
methods are described. 


Tourmaline. A mineral; asubsilicate; characterized by the 
presence of boric trioxide, which replaces aluminum oxide. It is 


notable for possessing pyro-electric properties. (See Pyro-elec- 


tricity.) 


Tower, Electric. The tower used in the tower system, q. v., of 
arc light illumination. 


Tower System. In electric lighting the system of lighting 
extended areas by powerful arc lamps placed on high towers, gen- 
erally of iron or steel frame-work. The lights are thus maintained 
at a high elevation, giving greater uniformity of illumination than 
if they were lower, but at the expense of considerable light which is 
lost. Sometimes wooden masts are employed instead of towers. 


The principle involved is that the intensity of light at any place 
given by a source of illumination varies with the square of its 
distance from the place in question. Hence in using strong arc 
lights it is an object to have the distances of all parts of the area 
illuminated at as nearly uniform distances from the light as possible. 


_ An approximation to uniformity is secured by placing the lamps 


at a very high elevation. 


Transformer. In alternate current lighting the induction coil 
by which the primary current with high initial electro-motive force 


is caused to produce a secondary current with low initial electro- 


motive force, 
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A typical transformer consists of a core of thin iron sheets. The 
primary is of comparatively thin wire and often of ten or more 
times as many turns as the secondary. The latter is of thicker 


wire. Where the ratio of Io to I as regards number of turns in the. 


primary and secondary obtains, the initial EH. M. F. of the second- 
ary is one-tenth that of the primary circuit. 


The cores are laminated, as described, to avoid the formation of 
Foucault currents. : 


The counter-electro-motive force of the transformer when the 
secondary circuit is open, prevents any but the slightest current 
from passing through the primary. In proportion as the secondary 

















Fig. 339. FERRANTI’S TRANSFORMER. 


is closed and its resistance diminished, as by lighting more lamps 
in parallel, the counter-electro-motive force of the transformer falls 
and more current passes through the primary. 


The economy of the apparatus is in the fact that counter-electro- 
motive force reduces current through a conductor without absorb- 
ing any energy. A resistance coilcuts down a current, but absorbs 
energy equal to the current multiplied by the potential difference 
between the terminals of the coil. This electric energy is con- 
verted into heat energy and is wasted. But the counter-electro- 
motive force of a transformer is exerted to reduce current without 
production of heat and with little waste of energy. ‘This is one of 
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the advantages of the alternating current system of distribution of 
electric energy. ee 

The object of a transformer being to secure safety to the person 
or to life by the separation of the high potential primary or street 
circuit, and the low potential house circuit, any contact of the two 
circuits in the converter is a source of danger. Special care should 
be taken to ensure absence of leakage, as it is termed. Mica or 
other insulation is sometimes employed to prevent the wires from 
coming in contact by piercing or sparking with the core and with 
each other. 


Transformer, Commuting. A type of continuous current 


‘transformer, resembling a dynamo with armature and field both 


stationary, but with revolving commutator, by which the magnetic 
polarity of a double wound armature is made to rotate. This 
secures the desired action, of a change or lowering of potential. 


Transformer, Continuous Alternating. An apparatus for 
transforming a continuous into an alternating current or the 
reverse. The combination of a continuous current dynamo with 
an alternating current one is sometimes employed. It is a form of 
motor dynamo. . oe 

Another type is a regular dynamo with ordinary commutator 
and with, in addition thereto, two, three or four contact rings, con- 
necting to as many symmetrically disposed points in the winding 
of the armature. This will give out or receive alternating currents 
of two, three or four phases according to the number of collecting 
rings. One winding serves for both alternating and continuous 
currents. 


Transformer, Continuous Current. A machine of the dynamo 
type for changing the potential of a circuit. In one form two 
armatures are mounted on one shaft in a single field or in separate 
fields; one is a motor armature driven by the original current ; 
the other generates the new current. Thisisa motordynamo. In 
1874 Gramme constructed a machine with ring armature with two 
windings, of coarse and fine wire respectively, and with independent 
commutators. Such dynamo could transform currents up or down. 


Continuous current transformers have attained an efficiency of 
83 per cent. atfullload, and of 75 per cent. at half load. Owing to 
the balancing of the self-inductions of the two windings these 
machines do not spark. As the driven and driving parts are con- 
tained in one rotating part their friction is very slight. 


Transformer, Core. A transformer wound upon an enclosed 
core, such as the hedgehog transformer (see Transformer, fedge- 
hog), or common induction coil. | 
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: Transformer, Hedgehog. An induction coil transformer whose 
iron core 1s composed of a bundle of iron wires, which after the 
wite windings are in place have their ends 
spread out to reduce to some extent the 


is high, as the air acts as the return circuit, 

This transformer has a low degree of hys- 
teresis; and its efficiency for very small 
loads or for no load is superior to that of the 
closed magnetic circuit transformer. 


Transformer, Multiple. A transformer 
connected in parallel with others between 
the two leads of the primary circuit. The 
term refers to the connection only and not 
to any peculiarity of the transformer itself. 


Transformer, Oil. A transformer with 
oil insulation. The advantage of this insu- 
lation is that if pierced it at once closes, so 
that no permanent injury ensues. It is a 
self-healing form of insulation. 





Transformer, Series. Transformers con- 


Fig. 340. ° 5 A 5 z 
SwWINBURNE’S HEDGEHOG nected in series upon the ptimary circuits, 


TRANSFORMER. The term, like ‘multiple transformers, ”? 


only applies to the connection, not t 
transformer. Series transformers are but little used. _ as 


Transformer, Shell. A transformer with its iron core entirely 
outside of and enclosing the primary and secondary winding. It 
may be made by the use of outer iron wire windings as core. 


Transformer, Welding. The transformer used f. i 
: On electri 
welding. (See Welding, Electric.) It isa transformer with wen 
long primary and exceedingly short and thick secondary. It is used 
with ee alternating current in the primary, and produces in the 
secondary circuit which includes the bars to be weld 

potential difference. ee 


Owing to the very low resistance of the secondary circuit this 
low electro-motive force produces a very strong current, which 
develops the requisite heat. The same type of transformer is 
used for brazing and similar purposes. 


Transmitter. In general electric ph i 
phraseology, any instrum 
which produces signals to be transmitted cheese a Has or eect 
is a transmitter. Thus the Morse key in telegraphy or the Blake 

transmitter in telephony are examples of such. 


reluctance of the circuit, which at the best 
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Transmitter, Carbon. A form of microphone used as a tele- 
phone transmitter. (See Carbon fi elephone.) 


Transposing. A method of laying metallic circuits for telephon- 
ing. The wires at short intervals are crossed so that alternate 
sections lie on opposite sides of each other. It is done to avoid 
induction. 


Transverse Electro-motive Force. Electro-motive force in 
asubstance in which electric displacement is taking place, produced 
by a magnetic field. It is sometimes assigned as the cause of the 
Hall effect, q. v. 


Trimmer, Brush. A shears for cutting off evenly and squarely 
the ends of copper dynamo brushes. The brushes when uneven 
from wear are removed from the brush holders, and their ends are 
sheared off in the trimmer. 


Trolley. A grooved metallic pulley orset of pulleys which runs 
along an active wire of a circuit, a lead from which trolley goes to 
earth or connects with another wire, so that the trolley takes cur- 
rent generally for operating a street car motor placed upon the 
circuit leading from it; a rolling contact with an electric lead. 

Trolleys are principally used on electric railroads, and are now 
universally of the sub-wire system, being at the end of a pole which 
is inclined backward and forced upward. by springs, so as to press 
the trolley against the bottom of the wire. Thus the trolley does 
not increase the sagging of the wire, but tends to push it up alittle 
in its passage. 


Trolley, Double. A trolley with two rollers or grooved wheels, 
placed side by side, and running on two parallel leads ofwire. Itis 
adapted to systems employing through metallic trolley lines with 
the motors in multiple arc, connecting or across the two leads. 


Trolley Section. An unbroken or continuous section of trolley 
wire. : : 


Trouve’s Solution. An acid exciting and depolarizing solution for 
a zinc-carbon battery. Its formula is as follows: Water, 80 parts ; 
pulverized potassium bichromate, 12 parts; concentrated sulphuric 
acid, 36parts ; all parts by weight. The pulverized potassium bi- 
chromate is added to the water, and the acid is added slowly with 
constant stirring. As much as 25 parts potassium bichromate may 
be added to 100 parts of water. The heating produced by the acid 
and water dissolves nearly all the potassium salt. Use cold. 


True Contact Force. A species of electro-motive force whose 
existence is supposed to be proved by the Peltier effect. The 
lowering in temperature of a contact of dissimilar metals is attrib- 
uted to a force that helps the current on its way if in the direction 
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of thermo-current proper to the junction and opposing it if in te oe 


reverse. The true contact force is taken to explain this phenom- 


enon; thermo-electric force cannot, as there is no heat or cold 


applied to the junction. 


Trumpet, Electric. An apparatus consisting of a vibrating | 


tongue, kept in motion by electricity as in the buzzer 
in the small end ofa feieipe: iened tube. Zer, qe V-, placed 


Trunking Switchboard. A telept i : 
: ; ) ° phone switchboard arranged 
sections, which sections are connected by trunk lines, Giro i 
which trunk lines the desired connections are made. = 


Trunk Lines. In telephone distribution systems, the lines con- 
necting different stations, or different sections of a switch-board 
and used by any one requiring such connections; one trunk line 
answers for a number of subscribers. 


Tube, Electric. A tube of glass around which is pasted 
of tinfoil circles, diamonds, or little squares, or othe: foun of ates 
rupted conductor. The pieces generally are placed in the line of 
aspiral. When a static discharge of electricity takes place along 
the conductor a row of bright sparks is produced at the breaks in 
He ee ie 2 reflection are multiplied apparently, and 

ul effect of intersecti i i i 
Seg secting or crossing spirals of sparks is 


The experiment is in line with the luminous i i 
i pane and lightnin 
jar, and is used merely as a demonstration, or lecture ee pedniene 


Synonym—Luminous Tube. 3 


Tubular Braid. A braid woven of tissue or worsted, and tubular 
or hollow. Its object 1s to provide a covering which can be drawn 
over joints in covered wires. In making the joint the ends of the 
wires are necessarily bared, and a short piece of tubular braid is used 
for covering them. It is drawn by hand over the joint. | 


Turns. An expression applied to the convolutions of wire in a 
solenoid, electro-magnet, or other apparatus or construction of that 
kind. A turn indicates a complete encircling of the core or axis 
of the object. Thus a wire wound five times around a bar gives 
five turns. 


While this is its primary meaning the term if compounded may 
refer to virtual turns. Thus an ampere-turn means one ampere 
passing through one turn. But ten ampere-turns may mean ten” 
amperes passing through ten turns, five amperes passing through 
two turns, and soon. This use is analogous to a dimension of 
length in a compound word, as foot-pound. Pe 


There may be a number of kinds of turns qualified by descriptive 
adjectives, as series-turns, the turns of wire in a series circuit of a 
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‘compound dynamo. In the same way there are shunt-turns. If 


series ampere-turns or shunt ampere-turns are meant the word 
ampere should be included. 


Turns, Dead, of a Dynamo. The cotations of a dynamo arma- 
ture while it is building itself up or exciting itself. The expression 
is a bad one, as it is likely to be confounded with the dead turns 
of armature wire. 


Turns, Primary Ampere-. The ampere-turns in a primary cir-~ 
cuit of an induction coil or transformer. In an electric welding 
transformer, or in the transformer used in the alternating current 
system, where efficiency is an important element, the ampere-turns 
in primary and secondary for an efficiency of 100 per cent. should 
be equal. In the case of an experimental induction coil other 
considerations outweigh that of mere efficiency. Insulation, in- 
cluding security from piercing, and the production of as long a 
spark as possible, are, in these cases, the controlling consideration. 


Turns, Secondary Ampere-. The ampere-turns on the second- 
ary circuit of an induction coil or transformer. These depend on 


‘the path provided for the current. If of negligible inductance, such 


as a number of incandescent lamps would provide, the ampere-turns 
should be equal to those of the primary coil. (See Turns, Primary 
Ampere-.) 
Typewriter, Electric. A typewriter in which the work of 
printing or of pressing the type faces against the paper, or printing 
ribbon, is done by electro-magnetic attraction. The keys close 
electric circuits, throwing the electro-magnetic action into play. 
This involves the use of electricity for what is ordinarily only a 
mechanical process. The strength of the impression, however, is 
independent of the touch of the operator. It has not come into 


very extensive use. 


Ultra-gaseous Matter. Gas so rarefied that its molecules do 
not collide or very rarely do so. 


Experiments of very striking nature have been devised by 
Crookes and others to illustrate the peculiar phenomena that this 
matter presents. The general lines of this work are similar to the 
methods used in Geissler tube experiments, except that the vacua 
used are very much higher. 

When the vacuum is increased so that but one-millionth of the 
original gas is left the radiant state is reached. ‘The molecules in 
their kinetic movements beat back and forth in straight lines with-. 
out colliding, or with very rare collisions. Their motions can be 
guided and -endered visible by electrification. A tube or small 
glass bulb with platinum electrodes sealed in it, is exhausted to the 
requisite degree and is hermetically sealed by melting the glass. 
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The electrodes are connected to the terminals of an induction coil 


or other source of high tension electrification. ‘The molecules 
which come in contact with a negatively electrified pole are 
repelled from it in directions normal to its surface. They produce 
different phosphorescent or luminous effects in their mutual col- 
lisions. 

Thus if they are made to impinge upon glass, diamond or ruby, 
intense phosphorescence is produced. A piece of platinum sub- 
jected to molecular bombardment is brought to white heat. A 
movable body can be made to move under their effects. T'wo 
streams proceeding from one negative pole repel each other. The 
‘Stream of molecules can be drawn out of their course by a mag- 
nets = > 

The experiments are all done on a small scale in tubes and bulbs, 
resembling to a certain extent Geissler tubes. 


Unbuilding. ‘The loss of its charge or excitation by a self-exciting 
dynamo. It is the reverse of building-up. The latter indicates 
the exciting of the field by the action of the machine itself; the 


former the spontaneous loss of charge on open circuit or from other 
cause. 


Underground Conductor. An electric conductor insulated and 


placed under the surface of the earth, as distinguished from aerial 
conductors. 


Underground Electric Subway. A subway for the enclosing 
of electric telegraph and other conductors undet the surface, gener- 
ally in the line of streets, to do away with telegraph poles and: 
aerial lines of wire. Many systems have been devised, The gen- 
eral type includes tubes called ducts in sets, called conduits, 
bedded in concrete or otherwise protected. Every two or three 
hundred feet the sets lead into a cistern-like cavity called a man- 
hole. The insulated wires or cables, generally sheathed with a 
lead alloy, are introduced into the tubes through the man-holes. A 
rope is first fed through the tube. To do this short.rods which 

screw together are generally employed. One by one they are 
introduced, and each end one is screwed to the series of rods 
already in the duct. When the end of the duct is reached the rope 
is fastened to the last rod, and the rods are then drawn through, 
unscrewed one by one and removed, the tope following them. By 
means of the rope a windlass or capstan may be applied to draw 


the cable into the duct. At least at every second man-hole the 
cables have to be spliced. 


Each cable may contain a large number of conductors of small. 
size for telephoning, or a smaller number for electric light and 
power. The tendency is now to separate the different classes of 
Wires in important lines, placing the heavier wires on one side of 
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the street and the telephone and telegraph wires on the other. 
This of course necessitates two separate ae eae 
antage of underground distribution affects not only 
pease of Sit in aatie away with unsightly teeeren) EClee 
but it also removes an element of danger at fires. ee wires 
interfere greatly with the handling of ladders at fires, an a ee 
the firemen who attempt to cut them to danger to their lives from 
shock. 


Unidirectional. adj. Having one direction as a ‘‘ unidirectional 
current’’ or ‘‘ unidirectional leak.’’ The term is descriptive, and 
applicable to many cases. 


i ing ; 1 ial difference, uni- 
Uniform. adj. Unvarying ; as a uniform potentia : 
form current ae conductor of uniform resistance per unit of length. 
The term is descriptive, and its application and meaning are 
obvious. 


i i istributed force ; 

form Field of Force. A field of evenly distril , 
Pea hich the number of lines of force per unit of area of any 
equipotential surface is the same. 


i : . Strictly speaking this term means having only 
Se aad applied 5 Gaenee. armatures and the like. we 
its use a solecism is involved, for there is no such condition possi : 
as unipolar magnetism or distribution of magnetism. ae Sone 5 
of its use is shown in unipolarmagnets. (See Magnet, Unipolar. 


Uni ipolar dynamo; an 

Unipolar Armature. An armature of a unipo : 
aie whose windings continuously cut the lines of force about 
the one pole, and hence whose polarity is unchanged in its rotation. 


i rrent Induction. Current induction produced by 
ca ies through a magnetic field of force so that it 
always cuts the lines in similar relation toitself. Thus it Pees 
a constant current through its own circuit, if a closed one, and no 
commutator is required. As this case always in practice Sous 
to the cutting of lines of force in the neighborhood ofa single pole 
the term unipolar is employed to designate the action. 


The simplest representation of unipolar induction is the rotating 


~ of a conductor around the end of a bar magnet, its axis of rotation 


corresponding with the axis of the magnet. 


i : i iC f the con- 
nipolar Dynamo. A dynamo in which one part of th 
petits slides 3 or around the magnet, so as always to cut lines of 
force near the same pole of the magnet. 


it. A directly or indirectly conventional and arbitrary quan- 
Pea terms of oie measurements of things with dimensions 
expressible in the chosen units are executed. 
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_ Thus for len 
1s the foot. 


Unit, Ab 
of length mae Pe . unit based on the three fundamental unj 
self may be termed a fundame 
ental 


absolute unit. Thes 
. st s . 6 
gram-second system. ystem of such‘units is termed the centimeter. 


; : or or datum i j 

is th 5a n angular vel 

age ee by a portion of ihe Creu eee e vant 
0 ¢ radius of the circle. It is equal qual in 

-29578° or 57° 177 44.8/’, q very nearly to 57 


Unit, B. A. This t - 
iti eee erm, while logicall 
ee are ee units, is often mectnicied Be oe of the 
y the British Association, the B. A. Unit of Res ae 
) q. Vv. 


gth the c. g. s. unit is the centimeter ; the B. E. unit 


Unit : 
ie ae mundamental: The three units of length, mass and ti 
Hea acca: ae a See are termed fundamental units On 

2 exs ; yee 
them the practical system of Tee of units, and on multiples of 

Unit Jar. | 
charge. ° 


It consists of a Leyd j i 

ale yden jar about 4 inches lo i 
fue ee peut 6 square inches of its outer a ae cae 
Bee aati coat’ with tinfoil. It is placed between a so ae 
mee yang a larger Jar or battery of jars which is to be sine 
ne ee Sonne with the machine ; the outer conn 5 
eee ee ee Short conductors terminating as 
adjusted at any desired distance ae ae 


By the charging operation the large j 
: ) rge jar or batter j i 
oe ee induction, and the charge of the ca Ge eee 
Se aaa After a while a spark passes from nour 
ape aoe gt gthesmall jar. This indicates the reception b fe 
ee ons le quantity of electricity represented by the fe : 
jar. The charging goes on, and Or eee ee 


approximately the s ; See cae 
ee ey: ame quantity of electricity is received by the 


Th : ec 

cae Lobe ie Gere m is directly proportional to the quantit 

aoe ys invetsely proportional to the area of coated zy 
; proportional to the potential difference of the two coat 


This is only true for : 
short sparking dist 
the knobs should be adjusted not 100 fae po eee sale ee 


1 . . 


A Leyden jar which is used as a unit of measure of 





1,000 amperes flowing fo 
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r one hour under an HK. M. F. of 1 volt ; 
3,600,000 volt-coulombs, or 1,000 watt-hours, are its equivalent. It 


is equal to 1°." = 1.34 electric horse power. 


Synonym—Board of Trade Unit. 


Units, Circular. A system of units of cross-sectional area, 
designed especially for use in describing wire conductors. The 
cross-sectional area of such is universally a circle, and the areas of 
two wires of different sizes vary with the square of their radii or 
diameters. Hence if the area of a circle of known diameter is deter- 
mined it may be used as a unit for the dimensions of other circles. 
Any other circle will have an area proportioned to the area of the 
unit circle, as the squares of the diameters are to each other. 


In practise the commonest circular unit is the circular mil. This 


is the area of a circle one mil, zo09 inch, in diameter and is equal 
ls in diameter has an 


to .0000007854 square inch. A wire two mi 

area of four circular mils; one ten mils in diameter has an area of 

one hundred circular mils. : ; 
Thus if the resistance of a given length of wire 1 mil in diameter. 

is stated, the corresponding resistance of the same length of wire of 

the same material, but of other diameter, is given by dividing. 

the first wire’s resistance by the square of the diameter in mils of 


the wire in question. | , 
 Asit isa basic unit, most conveniently applied by multiplication, 
the smaller units are used ; these are the circular mil, and circular 


millimeter. 
Units, Derived. Units derived by compounding or other pro- 
cesses, from the three fundamental units. Such are the units of area, 
- yolume, energy and work, momentum and electric units generally. 
In some cases the dimensions of the derived unit may reduce to those 
ofasimple unit as inductance reduces to length, but the unit, as 
deduced from the fundamental ones, is still a derived unit. 


Units, Practical. A system of units employed in practical 
computation. The absolute units, especially in electricity, have 
been found too large or too small, and the attempt to make them 
more convenient has resulted in this system. It is based on exactly 
the same considerations as the absolute system of units, except 
that multiples of the original fundamental units of length, mass, 
and time have been taken as the base of the newsystem. These 
basic units are multiples of the fundamental units. They are the 
following: The unit of length is 10? centimeters ; the unit of mass 
is 10-1 gram ; the unit of time remains I second. © | 

While this has conduced to convenience in giving better sized 
units, micro- and mega-units and other multiples or fractious have 
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to be used. : sae : : 
led used. The following are the principal practical electric 


Electrostatic C. G. S. Electromagnetic 


Intensity—Ampere equal to ore oS ae 
Quantity—Coulomb ss 3 xX I0? iy 
Potential—Volt 6 1 YX Io aes 
Resistance—Ohm s i xX 10-1 ae 
Capacity— Farad ees 9 x Io io 


Universal Battery S | 
y System. A term in telegraph If 
is Hee Seoenes telegraphic cients ie Aree 
other irom terminal to terminal of ab 
comparatively low resistance each circuit wi ve tie ee 
( t will receive th 
current, and of practically the same str i oucds 
and Lica ength as if onl ircui 
wee connected. This is termed the universal battery eyeicmie ae 
: a practical corollary of Ohm’s law. ‘The battery being of coe 
ne Su becca to the lines the joining of several ie. 
i cally diminishes the total resistance of t ircui 
a proportion to their own number. Thus suppose a Sree “oe is s 
seas ete and ten volts EK. M. F. is working a En ieee 
eae red oa resistance. The total resistance of the cireuit 
t one hundred and ten ohms. The total current of the cj 
cae all of which is received by the one line is 10 — t10 Be 
ewes 90 milliamperes. Now suppose that a second ince 
ee Ler aye connected to the battery in parallel with the 
- ihis reduces the external resistance to fift ivi 
ae resistance of the circuit of sixty ohms. The mean ocne . 
f e Sous all of which is received by the two lines in equal oe 
= ass O = .166 amperes. But this is equally divided beeeee 
AO eet a aa each one receives .083 ampere or 83 milliamperes : 
ically the same current as that given by th ry to 
the single line. It will be seen th i rue Fecauiee Cee 
; t high line resist 
battery resistance, relatively s eae ied forthe ae 
eaking, are required f 
For this reason the stora Se eile aes ae 
ge battery is particularl il 
rule is that the resistance of the batt a 
ery shall 
bined resistance of all the circuits worked ce e [oe 


Unmarked End. The south-seeki 7 

: -seeking pole of 
a the other end, called the Taicied bad ies uy ee 
with a scratch or notch by the maker, while the south pole is 


unmarked. 
V. (a) Symbol for velocity. 
(6) Symbol or abbreviation for volume. 
(c) Symbol or abbreviation for volt. 
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V. A. Symbol or abbreviation for voltaic alternatives, q. v. 


Vacuum. A space destitute of any substance. The great per- 
vading substance is in general sense the atmosphere. It is the 
aseous mixture which surrounds and envelopes the earth and its 
inhabitants. It consists of a simple mixture of oxygen, I part, 
nitrogen, 4 parts, with 4 to 6 volumes of carbonic acid gas in 10,000 
volumes of air, or about one cubic inch to one cubic foot. It 
presses with a force of about 14.7 lbs. per square inch under the 
influence of the force of gravity. The term vacuum in practise 
refers to any space from which air has been removed. It may be 
produced chemically. Air may be displaced by carbonic acid gas 
and the latter may be absorbed by caustic alkali or other chemical. 
The air may be expelled and the space may be filled with steam 
which is condensed to produce the vacuum. Of course in all cases 
the space must be included in an hermetically sealed vessel, such as 
the bulb of an incandescent lamp. But the universal method of 
producing a vacuum is by air pumps. An absolute vacuum means 
the entire absence of gas or air, something almost impossible to 
produce. A high vacuum is sometimes understood to mean one 
in which the path of the molecules is equal in length to the diame- 
ter of the containing vessels, as in Crookes’ Radiometer and other 
apparatus for illustrating the radiant condition of matter. The air 
left after exhaustion is termed reszdual air or residual atmosphere. 


Vacuum, Absolute. A space free of all material substance. It 
is doubtful whether an absolute vacuum has ever been produced. 


Vacuum, High. An approximate vacuum, so nearly perfect 
that the molecules of.the residual gas in their kinetic motions 
rarely collide, and beat back and forth between the walls of the 
containing vessel, or between any solid object contained in the 
vessel and the walls of the vessel. The gas in such a vacuum is in 
the radiant or ultra-gaseous state. (See Ultra-gaseous Matter.) 


Vacuum, Low. A vacuum inferior to a high vacuum; a 
vacuum in which the molecules collide with each other and do not 
move directly from side to side of the containing vessel. 


Vacuum, Partial. A space partially exhausted of air so as to 
contain less than an equal volume of the surrounding atmosphere. 
It really should come below a low vacuum, but is often treated as 
synonymous therewith. 

Vacuum, Torricellian. The vacuum existing above the mer- 
curial column in a barometer tube. The principle of this vacuum 
is applied in the Geissler and other air pumps. (See Pump, Getss- 
ler—Pump, Sprengel—Pump, Swinburne.) 


Valency. The relative power of replacing hydrogen or com- 
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bining therewith possessed by different elements; the number a 


atomic bonds belonging to any element. Thu 
eens i . Ss oxygen h 
cs ee 1S Ear orisa dyad, and combines aa eye sist 
ydrogen because the latter has i ere ae 
a ae ans | a unitary atomicity, is monovalent 


Valve, Electrically Controlled. A ) ee 
: valve which 
or whose movements are regulated by electricity. is moved by 


In the block system of railroad signaling the sem 
worked by weights and pneumatic eAniders and eae The 
valves for admitting or releasing the compressed air are operated be 
coil and plunger mechanism. ‘There are many other instance 
the control of valves by the electric current. ee 


Vapor Globe. A protectin i 
: g glass globe surrounding an 
descent lamp, when the lamp is to be used in an atuiesphereeee 
Steele vapor, = in aries or similar places; or when in a place 
e it is exposed to dripping water which 
lamp bulb if it fell upon ier : ee 


Variable Period. The i j 
: peciod of adjustment when a current j 

started through a conductor of some capacity. It is the Boon a 
duration of the variable state, q. v.,in aconductor. As indicated 
in the next definition in a cable of high electrostatic capacity a 
sans Fee of peade! two minutes may exist. This ‘ridicules 
he retardation in signaling to be anticipated i 
ee g pated in cables and other 


_ Variable State. When an electric circuit is closed 

starts through the conductor with its full strength Gone ea 
of closure, and advances with a species of wave front so that on 
time elapses before it attains its full strength in the most distant 
parts of the conductor, owing to its having to charge the conductor 
to its full capacity at the given potential. The state of the lin 
while the current thus varies is called the variable state. a 


A long telegraph line when a message i , 

: ge is being transmitted 
be always in the variable state. The current at ie Teceice ene 
may never attain its full strength. 


In the case of such a conductor as the Atlantic cable, 108 seconds 





* condenser whose plates hav 
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declination and of other elements. The term variation of the com- 
pass is more colloquial than the more definite expression ‘‘ declina- 
tion,’’ or ‘‘ magnetic declination.”’ 


Variometer. An apparatus used in determining the relative 
values of the horizontal component of the earth’s magnetic fieldin © 


different places. 

Varley’s Condenser. A static condenser whose conducting 
surfaces are platinum electrodes immersed in dilute sulphuric acid. 
When the potential difference is sth that of a Daniell’s cell, two 


square inches of platinum have a capacity equal to that of an air 
e at area of 80,000,000 square inches, and 


separated %th of an inch from each other. As the KE. M. F. in-. 
creases the capacity also increases. 

Varley’s Resistances. Variable resistances formed of discs of 
carbonized cloth, q. v-, piled up, and pressed together more or less 
firmly to vary the resistance as desired. 


Varnish. A glossy transparent coating of the nature of paint, 
applied as a protective, or ornamental coating to objects. 


Varnish, Electric. Alcoholic or etherial varnishes are the best 
for electrical apparatus. They dry quickly and perfectly, and tend 
to form surfaces unfavorable to the hygroscopic collection of » 
water. Sealing wax dissolved in alcohol, or shellac dissolved in 
the same solvent are used for electrical apparatus, although the 
first is rather a lacquer than a varnish. KEtherial solution of gum- 
copal is used to agglomerate coils of wire. It is well to bake var- 
nished objects to harden the coating. 


Varnish, Red. A solution of sealing wax in go per cent. alcohol. 
It is best made thin and applied in several coats, each coat being 
allowed to dry perfectly before the next is applied. It is often seen 
on Leyden jars. Itis a protector from surface leakage. 


Vat. A vessel for chemical or other solutions. A depositing 
vat is one in which a plating solution is worked, for the deposition 
of electroplate upon articles immersed in the liquid, and electro- 


lyzed by an electric current. 














would be required for a current to attain ~% of i & | 3 
the distant end, and but } second to ie ot ee nel ab ie | Velocity. ‘The rate of motion of a body. It is usually expressed 
During the period of increase of current the ees fea nS: i in distance traversed per second of time. The absolute unit is one 

Variati | pee i= centimeter per second or kine. The foot per second is very largely 
ae of me Compass. The declination of the magnetic te used also. : : 
dais: ( a 3 ES Magnetic.) As the declination is subject to ‘= The dimensions of velocity are length (ZL) divided by time (T) 
daily, annual and secular variations, it is unfortunate that this term & ot L/T: 
is synonymous with declination. Thus the variation of the compa , = peniet : 

pee ‘@ Velocity, Angular. Velocity in a circle defined by the unit 


means its declination, while there is al iati | 
e is also the variation of the angle, or the angle which subtends a circular arc equal in length to 


il cai ae 
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itself. The radius of the circle traversed by the moving body does 7 


not enter into this definition, as the real velocity of the object is ‘not 
stated. Ifits angular velocity and the radius of the path it travels 
are given its actual velocity can be deduced. 


Velocity of Signaling. The speed of transmission of electric | 


signals is affected by the nature of the line, as regards its static 
capacity, and by the delicacy of the receiving instruments, which 
may need a more or less strong current to be affected. Thus ofan 
original current one per cent. may suffice to operate a sensitive 
instrument. This might give almost the velocity of light, while 
if the instrument would only respond to the full current nearly two 
minutes (see Varzable State) might be required for the production 
of a signal. 


_ Velocity Ratio. A term applied to the ratios existing between 
the electrostatic and electro-magnetic units. If we take as numera- 
tors the dimensions of the different qualities in the electrostatic 
system, and their dimensions in the electro-magnetic system as 
denominators, the fractions thus obtained reduce to expressions 
containing only velocity or Yin some form. Thus if we divide 
the dimensions of the electrostatic quantity by the dimensions of 
electro-magnetic quantity the quotient is simply V or velocity. A 
like division for potential, electrostatic and electro-magnetic gives 


I. 
aye? and so on. 


The value of the velocity ratio is very nearly 3 < 10" (sometimes 
given as 2.98 X Io!) centimeters per second. This is almost 
exactly that of light (2.9992 x 10! centimeters per second.) This 
is one of the proofs of Clerk Maxwell’s magnetic theory of light. 
(See Vazxwell’s Theory of Light.) 


Ventilation of Armature. In adynamo or motor ventilation 
of the armature is often provided for by apertures through it in 
order to prevent heating. This heating is caused by Foucault 
currents. By proper disposition of the interior of the armature 
with properly disposed vanes and orifices an action like that of a 
fan blower can be produced, which by creating a current of air 
cools the machine very efficiently. 


Verticity, Poles of. Points upon the earth’s surface where the 
horizontal component of magnetic force disappears, leaving only 
the vertical component active. The term is derived from the ver- 
ticity of the dipping needle when over either of them. 


Vibration Period. In electrical resonance the period of a vibra- 
tion in an electrical resonator. The length of this period indicates 
the quality of the resonator in responding to electrical oscillations 
by sympathetic vibration. For conductors of small resistance the 
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period is thus calculated. Let ZT be the period ot one-half a full 
vibration ; Z the absolute coefficient of self-induction expressed in 
centimeters or in henries X 10~*; C the electrostatic capacity of the 
terminals, also expressed in the same unit; v the velocity of light 
in centimeters per second. Then we have the formula 


VLC 
v 


Vibration, Sympathetic. A vibration in a cord or other body 
susceptible of elastic vibration produced by the vibrations of 
exactly the same period in a neighboring vibrating body. ‘Thus if 
two tuning forks are tuned to precisely the same pitch, and are 
placed near each other, if one is sounded it will start the other into 





Li 7 





vibration by sympathy. 


In electricity its application is found in electric resonance experi- 
ments. The resonator has a definite period.of electric resonance, 
and is made to give a spark by the exciter of identical period. 
This is by what may be called electric sympathetic vibration, and 
is exactly analogous to the action of the tuning forks upon each 
other. 


Vibrator, Electro-magnetic. The make and break mechanism 
used on induction coils, or other similar apparatus in which by 
alternate attractions by and releases from an electro-magnet an arm 
or spring is kept in motion. In most cases the work is done bya 
single magnet, whose armature is attracted to the magnet, when 
the latter is excited, but against the action of a spring which tends 
to pull it away from the magnet. In its motions a make and break 
action is produced, to give the requisite alternations of attraction 
and release. Two electro-magnets may be connected so as alter- 
nately to be excited and keep an arm carrying a mutual armature 
in vibration, or the same result may be attained by a polarized 
relay. The make and break is illustrated under Bell, Electric— 
Cowl, Induction—Anvil. 


Villari’s Critical Value. Magnetization induced or residual in 
a wire is diminished on stretching, provided that the magnetiza- 
tion corresponds to an inducing force above a certain critical value, 
known as above; this being (Sir Wm. Thomson) about 24 times 
the terrestrial intensity. Below that critical value tension increases 
the magnetization of a magnetized wire. The effects of transverse 
expansive stress are opposed to those of longitudinal stretching. 
(Daniell. ) 


Viole’s Standard of Illuminating Power. A standard author- 
ized by the International Congress of 1881. It is the light given by 
one square centimeter of platinum, melted, but just at the point of 























562 STANDARD ELECTRICAL DICTIONARY. 


solidification. It is equal to 20 English standard candles ico 


exactly. 


It has not been very widely accepted, the tendency among photo- 
metrists being to adhere to the old standards, carcel or candle. - It 
is obvious that actual use of the Viole would be very inconvenient 
and would involve expensive apparatus, difficult to work with. 


_ Synonym—Viole. 


Vis Viva. The kinetic energy of a body in motion; ‘‘ mechan- 
ical energy.”’ Ae 3 


Vitreous Electricity. Positive electricity ; the electricity pro- 
duced on the surface of glass by rubbing it with silk and other 
substances. (See “ectrostatic Series.) 


The term ‘‘ positive electricity ’’ should be allowed to supplant 
it. It is the analogue and opposite of resinous electricity. 


Vitriol, Blue. A colloquial or trade name for copper sulphate 
(Cu SO,). 


Vitriol, Green. A colloquial or trade name for ferrous sulphate 
(Fe SO,). 


Vitriol, White. A colloquial or trade name for zinc sulphate 
(Zn SO,). 


Volt. The practical unit of electro-motive force or potential dif- . 
ference. It may be referred to various data. 


3 An electro-motive force of one volt will cause a current of one 
ampere to flow through a resistance of one ohm. 


A condenser of one farad capacity charged with one coulomb 
will have a rise of potential of one volt. 


The cutting of 100,000,000 lines of force per second by a conductor 
induces one volt EK. M. F. 


A Daniell’s battery gives an E. M. F. of 1.07 volts; about the 
most familiar approximate standard that can be cited. 


It is equal to g4, absolute electrostatic unit. 
It is equal to 10° absolute electro-magnetic units. 


Voltage. Potential difference or electro-motive force expressed 
in volts; asa voltage of 100 volts. ‘Thus voltage may express the 
electro-motive force absorbed ina conductor, while electro-motive 
force is a term generally applied where it is produced, evolved or 

present in the object. The term voltage of a lamp expresses simply 


the volts required, but does not suggest the possession of electro- 
motive force. 


Voltage, Terminal. The voltage or potential difference at the 
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terminals of an electric current generator, such asa dynamo, as 
distinguished from the total electro-motive force of the dynamo ot 
generator. 


In batteries the distinction is not generally made in practice ; 
the total electro-motive force of the battery is made the basis of 
calculations. 


Voltaic. adj. This adjective is used to qualify a great many 
things appertaining to or connected with current electricity. It is 
derived from Volta, the inventor of the voltaic battery, and now 
tends to displace the term ‘‘ galvanic,’’ formerly in general use. 


Voltaic Alternatives. A term used in electro-therapeutics or 
medical electricity to indicate an alternating battery current. — 


Synonym—Alternative current. 


Voltaic Effect. The potential difference developed by contact | 
of different conductors. It is the basis of the contact theory, q. v., 
of electricity, although it may be accepted as the expression for 
a condition of things by those who reject the above theory. ‘This 
potential difference is slight when the conductors are separated, 
but it is calculated that it would be enormous could the metals be 
so quickly separated as to hold each its own charge. 


Thus if a copper anda zinc plate are assumed to be in contact, 
really sppoov00. centimeter or ggqeco00 inch apart, they may be 
treated as a pair of condenser plates. Being so near, their density 
of charge, which is a strongly bound charge, is enormous. Ifit were 
possible to separate them without permitting any discharge, their 
potential would rise by the separation, on the principle of Epinus’ 
condenser, q. v., to such an extent that they would spark through 
twenty feet of air. (See Volta’s Fundamental Experiment.) 


Voltaic Electricity. Electricity of low potential difference and 
large current intensity ; electricity such as produced by a voltaic 
battery; current or dynamic electricity as opposed to static elec- 
tricity. 


Voltameter. In general an apparatus for determining the quan- 
tity of electricity passing through a conductor by measuring the 
electrolytic action it can perform. 


Voltameter, Copper. An apparatus which may be of similar 
construction with the silver voltameter (see Voltameter, Silver), 
but in which a copper anode and a solution of copper sulphate are 
substituted for the silver anode and silver nitrate solution. One 
coulomb corresponds to .329 milligram or .005084 grain of copper 
deposited. It is not accepted as of as high a standard as the silver 
voltameter. 


The electrodes should be placed half an inch from each other, 
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Two square plate electrodes may conveniently be used, and not 


less than two square inches on each plate should be the area per 
ampere of current. 


Voltameter, Differential, Siemens’. A volume or gas volta. - 


meter with duplicate eudiometers and pairs of electrodes. It is 
used for determining the resistance of the platinum conductor used 
in his pyrometer. A current divides between the two voltameters ; 
in one branch of the circuit the platinum conductor is placed, in 
the other a known resistance. The current Strength varying 


inversely with the resistance, the resistances of the two conductors | 


are inversely proportional to the gas evolved. 


Voltameter, Gas. A voltameter whose indications are based on 


the electrolysis of water, made an electrolyte by the addition of 
: sulphuric acid. The gases evolved are 
measured. It may take several forms. 


In one form it is an apparatus consist- 
ing of a single eudiometer or graduated 
glass tube with upper end closed and its 
lower end or mouth open, collecting the 
mixture of hydrogen and oxygen. 


In the form shown in the cut three 
tubes are connected, the side tubes repre- 
senting eudiometers. For each side tube 
there is a platinum electrode. In this 
apparatus the oxygen and hydrogen are 
connected in opposite tubes. 4 is an 
open tube filled with dilute sulphuric 
acid. By opening the cocks on A and C 
they can both be completely filled with 
acid. As shown in thecut, this Operation 
is not yet completed. The hydrogen 
alone may in this case be measured. 


eudiometer. 


The exact equivalents are only approxi- 
mately known. The volume of “mixed 
gases per coulomb is given as .1738 cubic 
centimeters (Ayrton); .172 cubic centi- 
meters (Hospitalier) ; and other values by 
other authorities. The hydrogen is equal to % of the mixed gases 
almost exactly. 


Synonyms—Volume Voltameter—Sulphuric Acid Voltameter. 


The gas is measured at 0° ( 32° F.) and 76 centimeters, or 30 inches 
barometer. | 





Fig. 341. Gas VoLTaMETER, 


The mixed gas voltameter has only one. 





EE 
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If the gas is measured in cubic inches, the temperature in degrees 
F., and the barometric height in inches, the following formula may 
be used for reduction to standard pressure and temperature. It is 
the volume corresponding to one coulomb. 

-O1058 X 30 (491 + F.°—32) 
h X 491 
For the metric measurements and degrees C. 
-1738 X_76 (273 + C.°) 
h X 273 

Voltameter, Silver. An apparatus consisting of a platinum 
vessel containing a solution of silver nitrate into which solution a 
silver anode dips, whose end is wrapped in muslin to prevent the 
detachment of any particles. When a current is passed by connect- 
ing one terminal to the dish and the other to the rod, securing a 
proper direction of current, silver will be deposited on the dish and 
the same amount will be dissolved from the rod. The dish is 
weighed before and after the test. Its increase in weight gives the 
silver deposited. 

















Fig. 342. SiILveR VoLTAMETER. 


In the cut Ag is the silver anode, Pris the platinum dish, 7 is 
the conducting rod, p is a wooden standard, Cu is a copper plate on 
which the dish rests and which also serves as a conductor and con- 
tact surface, 6is a muslin cloth to place over the silver plate to 
prevent detached particles falling in the dish; s s’ are the binding 
Screws. 

The weight of silver corresponding to a coulomb is given variously 
by different authorities. Ayrton and Daniell take 1.11815 milli- 
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grams ot .0r7253 grain of metallic si a gs 
oe eee 53 grain of metallic silver. Other determinations 
1.1183 milligrams (Kohlrausch). 


1.124 (Merscart). ’ 


The solution of silver nitrate should be from 
5 to 

strength. The current should not exceed one anere ae t. of 
square inches; or in other words not more than about ;,3 ee = 
silver should be deposited per second on a square iuenieesy ona : 
aoe eae owes ote eter disc or anode should be about eau 

ant from the side and bottom of the dish. 5 
due to Lord Rayleigh. oe eae 


Voltameter, Weight. A voltameter in which 

° . e . e the 
decomposition is determined by weighing the nrodticts. Oaeae ot 
the products of the electrolysis. The titles Voltameter, Coppe 
and Voltameter, Silver, may be cited. we 


_ In the cuts are shown examples of weigh 
! : ¢ ght gas voltameters. 
are tubes light enough to be weighed when charged. Ae 





Fig. 343. WrEIGHt VOLTAMETERS. 


tains a decomposition cell 7, with i i , 

D io SE. its platinum electrod 
es with dilute sulphuric acid, while ¢ is calcium cui ae 
other drying agent to collect any water carried off as vapor or as 






1% 
Ke 
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spray by the escaping gases; ¢ are corks placed in position when 
the weighing is being executed, so as to prevent the calcium 
chloride from absorbing moisture from the air. eres 
In use the tubes are weighed. They are then connected to the 
circuit, after removal of the corks, and the decomposition proceeds. | 
After a sufficient time they are removed, the corks put in place, 
and they are weighed again. The loss gives the water decomposed. 


The water corresponding to one coulomb is 


.09326 milligram .001430 grain, Ayrton,’ 
.092 es | Hospitalier, 
10935 BS Daniell. 


Voltametric Law. ‘The law on which voltameters are based. 
The amount of chemical decomposition produced by an electric 
current in a given electrolyte is proportional to the quantity of 
electricity passed through the solution. 


Volta’s Fundamental Experiment. The moistened finger is 
placed on the upper plate of a condensing or electrophorous 





Fig. 344. Vorta’s FUNDAMENTAL EXPERIMENT. 


The other hand holds a plate of zinc 2, soldered to 
The lower plate is touched with the copper. 
/ diverge and with nega- 


electroscope. 
a plate of copper c¢. 
On removing the cover the gold leaves 
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tive electricity. Hence zinc is supposed to be 


when in contact with copper. The experin i 
strate the contact theory of electricity. ae : ee iS demon- 


Volta’s Law of Thermo-electricit 
Ite = y- Inacompound cite; 
consisting of a number of different metals, all note of which ae 
at the same temperature, there is no current. a 


Volt, B. A. The volt based on the B. A. ohm. 


-9889 legal volt. It is equal to 


Volt, Congress. Th 
ohm; the legal volt,” “Ot Pased upon the congress or legal 


Volt-coulomb. ‘Th i : ae 
is equivalent to © Mink of clectrle work, the watt-second 5 it 
Io’ ergs. 
-24008 gram degree C. (calorie), 
°737337 foot lbs., 
-00134 horse power seconds, 


Volt Indicator. A form of eas; 3 
sien sh asily read . 
electric light stations and for simile y a voltameter for use in 


Volt, Legal. The legal volt : 
equal a OO Ae Ne volt based upon the legal ohm. It is 


Voltmeter. An instrument f Pa me ik 
ference of any two points, or determining the potential dif. 


In many cases it is a calibrated galvanometer wound with a coil 


of high resistance. The object to be attained is that it shall receive 


only an insignificant portion of current d ; 
shall suffice to actuate it. If connected in f SAA Domes 


ofa circuit, it should not noticeably diminish its resistance, 
The divisions into which ammeters ran 
voltmeters. In practice the same construction is adopted for both. 


In the use made of voltmeters there is a distincti 
) | istinction from amme 4 
ae ammeter isa current measurer and all the current measured ak 
e passed through it. But while a voltmeter is in fact a current 
measurer, it 1s so graduated and so used that it gives in its readings 


positively electrifieg 
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the difference of potential existing between two places ona circuit, 
and while measuring the current passing through its own coils, it 
is by calibration made to give not the current intensity, but the 
electro-motive force producing such current. 


In use it may be connected to two terminals of an open circuit, 
when as it only permits an inconsiderable current to pass, it indi- 
cates the potential difference existing between such points on open 
circuit. Or it may be connected to any two parts of a closed 
circuit. Owing to its high resistance, although it is in parallel 
with the intervening portion of the circuit, as it is often connected 
in practice, it is without any appreciable effect upon the current. It 
will then indicate the potential difference existing between the two 
points. 


Voltmeter, Battery, A voltmeter for use in running batteries. 
In one form (Wirt’s) it is constructed for a low range of voltage, 
reading up to two anda half volts and having exactly one ohm 
resistance, thus giving the battery some work to do. 


Voltmeter, Cardew. A voltmeter in which the current passing 
through its conductor heats such conductor, causing it to expand. 
Its expansion is caused to move an index needle. By calibration 
the movements of the needle are made to correspond to the poten- 
tial differences producing the actuating currents through it. The 
magnetic action of the current plays no part in its operation. It 
is the invention of Capt. Cardew, R. E. 

The construction of the instrument in one of its most recent 
forms is shown in the cut. On each side of the drum-like case of 
the instrument are the binding screws. These connect with the 
blocks m and 2. To these the fine wire conductor is connected and 
is carried down and up over the two pulleys seen at the lowest 
extremity, its centre being attached toc. From ¢a wire is carried 
to the drum #, shown on an enlarged scale on the left of the cut. 
A second wire from the same drum or pulley connects to the spring 
S. The winding of the two wires is shown in the separate figure of 
c, where it is seen that they are screwed fast to the periphery of the 
little drum, and are virtually continuations of each other. By the 
screw A the tension of the spring S is adjusted. 

On the shaft of the little drum / is a pinion, which works into 
the teeth of the cog-wheel 7. The shaft of 7 is extended through 
the dial of the instrument, and carries an index. The dial is 
marked off for volts; g g and #4 # are standards for carrying the 
pulleys. 3 

The action of the instrument is as follows. The current passing 
through the wire heats it. This current by Ohm’s law is propor- 
tional to the electro-motive force between the terminals. As it is 
heated it expands and as it cools contracts, definite expanding and 
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contracting corresponding to definite potential differences. As the 
wire expands and contracts the block or pin ¢ moves back and forth 
thus turning the drum # and cogwheel 7 one way or permitting it 


to turn the other way under the pull of the spring S. 





Fig. 345. CarpDEw VOLTMETER. 


In this construction for a given expansion of the wire the piece 
c only moves one half as much. The advantage of using a wire 
twice as long as would be required for the same degree of move- 
ment were the full expansion utilized is that a very thin wire can 
be employed. Such a wire heats and cools more readily, and hence 
me ape acnt reaches its reading more quickly or is more dead- 
eat, 1f we borrow a phraseology properly applicable only to instru- 
ments with oscillating indecent Eee es : a 
_ In the most recent instruments about thirteen feet of wire .0025 
inch in diameter, and made of platinum-silver alloy is used. 


If the potential difference to be measured lies between 30 and 120 
volts the wire as described suffices. But to extend the range of the 





‘ 
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instrument a resistance 1n series is required. If such resistance is 
double that of the instrument wire, and remains double whether 
the latter is hot or cold the readings on the scale will correspond 
to exactly twice the number of volts. This is brought about in 
some instruments by the introduction in series of a duplicate wire, 
precisely similar to the other wire, and like it, carried around 
pulleys and kept stretched by a spring. 


Thus whatever ratio of resistance exists between the two wires 
cold, it is always the same at any temperature, as they both increase 
in temperature at exactly the same rate. Tubes are provided to en- 
close the stretched wires and pulleys, which tubes are blackened. 


The voltmeter is unaffected by magnetic fields, and, as its self- 


induction is very slight, itis much used for alternating currents. 


The tubes containing the wire may be three feet long. 


Its disadvantages are thus summarized by Ayrton. It absorbs a 
good deal of energy; it cannot be constructed for small potential 
differences, as the wire cannot be made thicker, as it would make 
it more sluggish ; there is vagueness in the readings near the zero 
point and sometimes inaccuracy in the upper part of the scale. 


Volts, Lost. The volts at the terminals of adynamo at full load 
fall short of their value on open circuit. The difference of the two 
values are termed lost volts. 


Voltmeter, Electrostatic. A voltmeter based on the lines of 
the quadrant electrometer. It includes two sets of quadrants, each 
oppositely excited by one of the two parts, whose potential differ- 
ence is to be determined. They attract each other against a con- 


trolling force as of gravity. 3 


One form has the two sets poised on horizontal axes, bringing the 
parts so that the flat quadrants move in vertical planes. 
In another form a number of quadrants are used in each set, the 
members of the two sets alternating with each other. One set is 
fixed, the others move and carry-the index. 


Vulcanite. Vulcanized india rubber which by high proportion 


of sulphur and proper vulcanization has been made hard. It is 


sometimes distinguished from ebonite as being comparatively light 
in color, often a dull red, while ebonite is black. For its electrical 
properties see Hbonite. : 

Both substances have their defects, in producing surface Jeakage. 
- Washing with weak ammonia, or with dilute soda solution, fol- 
lowed by distilled water, is recommended for the surface, if there 
is any trouble with surface leakage. It may also be rubbed over 
with melted paraffiine wax. 
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W. (a) Asymbol or abbreviation for watt. 
(6) A symbol or abbreviation for work. 
(c) A symbol or abbreviation for weight. 


Wall Bracket. A telegraph bracket to be attached to the exter- 


nal walls of buildings to which wi 
from the poles to reach Were et te ablached 9s toy come 
A padi ch converters, or for direct introduction into 


Wall Sockets. Sock incar | 
be attached to a wall. Be or suede contami: constructed to 


Ward. Direction in a strai : | | 
raight line; a te : 

James Thompson. Th ; »: Stee proposed by Prof. 

ee its Sone: e words ‘‘backward’’ and “ forward”? indi- 


Water. A compound who 
° se molecul : 
hydrogen and one atom of oxygen; ora a ae two atoms of 


Its specific gravity is 1, it bei 
piavities of solide ae fonds ng the base of the system of specific 
If pure, it is almost a non-cond 
fia ae Sys : uctor of electrici ‘ 
purity 1s present it still presents an eee =“ a ea 
lmmmeasurable true resistance, but becomes by the pre gh, almost 
impurity an electrolyte. Preschee Of any 


Water Equivalent. In a calori : 

oe alorimeter of any kind i 

Bo Seen REE as much as is he alee oe ee 
ee ol any given amount of heat received by 


Waterproof Lamp Globe. A : 
lamps, to protect them from Sater omer Blobe for ineandeseent 


Watt. (a) The practical 
unit of electric activit 
ee see OF CUSTEY It is the rate of energy or of ae ee 
ea 
Bore eee mpere urged by one volt electro-motive force; ~ 
It is the analogue in electricit 
y of the horse J ics; 
ee 746 watts represent one alkene hoe oe a 
m’s law, taken as C—BEJR, gi 
aes and for cece Sune Cre eR. Th dae Renee G 
ae eee strength, R represents resistance and B a oS 
see Sone force. Then a watt being the prod Po 
sis pocpiot ae ee by current strength, we get the follow a 
unit: epee electric energy, of which the watt is the eal 
its (0 BYR —(2)C BH (VOR practical 
equivalents of the watt vary a little according to different 
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authorities. Ayrton gives the following equivalents: 44.25 foot 
pounds per minute—.7375 foot pounds per second—,4, horse power. 
These values are practically accurate. Hospitalier gives .7377 foot 
pounds per second. Hering gives .737324 foot pounds per second, 
and 41229. horse power. 

It is equal to 10’ ergs per second. 

Synonym—Volt-ampere. 

(c) It has Leen proposed to 
instead of activity or rate of 
Association, 1882); this use 
regarded as abandoned. 


Watt-hour. A unit of electric energy or work; one watt 


use the term as the unit of energy, 
energy (Sir C. W. Siemens, British 
has not been adopted and may be 


‘exerted or expended for one hour. It is equivalent to: 


866.448 gram-degrees C. (calories) 


2654.4 foot lbs. 
3600 watt-seconds or volt-coulombs. 


60 watt-minutes. 


Watt-minute. A unit of electric energy or work ; one watt 


- exerted or expended for one minute. 


It is equivalent to 
14.4408 gram-degrees C. (calories), 
44.240 foot pounds, 


60 watt seconds or volt-coulombs, 
eo watt hour. 


Watts, Apparent. The product in an alternating current 
dynamo of the virtual amperes by the virtual volts. To give the 
true watts this product must be multiplied by the cosine of the 
angle of lead or lag. (See Current, Wattless.) : 


Watt-second. A unit of electric energy or work. One watt 
exerted or expended for one second. 


It is equivalent to 
.24068 gram degree C. (calorie), 
.000955__—ilb. degree F., 


-737337 foot lbs., : 
-,0013406 horse power second (English), 
.0013592 horse power second (metric). 


Synonym—V olt-coulomb. 


Waves, Electro-magnetic. Ether waves caused by electro- 
magnetic disturbances ‘affecting the luminiferous ether. (See 
Discharge, Oscillatory—Maxwell’s Theory of Light—kesonance, 


Llectric.) 



























574 STANDARD ELECTRICAL DICTIONARY 


Weber. (a.) A name suggested by Clausius and 


denote a magnet pole of unit strength. This use is ab Siemens to 


andon 
(0.) It has been used to desig ed. 
coulomb. . This use is abandoned. 


(c.) It has been used-to designate th i 
0 e uni 
the ampere. This use is abandoned: 


Weber-meter. An ampere-meter or ammeter. 


not used since the term ‘‘ weber,’ indicati 
nd 
lomb, has been abandoned. ee icating the a 


Welding, Electric. Welding m 
Iding, : etals by h 
electricity. The heat may be praduced Be a; S 


through the point of junction (Elih 
arc. (Benardos & Olzeweki\ Cele ke hormson) of 


trent passin 





Fig. 346. Exvecrric WeLpinc Inpuction Cott. 


ae current pices is carried out b 
jects to be united, while holding them in conducting cl 

Be. cutrent is turned on by way of the clamps and eapialy He 
the metals at the junction, which is of course the point of highest 
resistance. As the metal softens, it is pressed together, one of the 


clamps being mounted with feed motion, flux i 
necessary, and the metal pieces unite. » Ux ae dropped on if 


y pressing together the ob- 


‘The most remarkable results are thus attai : 
kable | | tained; al 
common metals can be welded, and different metals Con Bee ered 


nate the unit of quantity—the 
t of current strength 


The term jg 
mpere or coy. 


produced be 


by the voliaic 
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together. Tubes and other shapes can also be united. In many 
cases the weld is the strongest part. 


The alternating current is employed. A special dynamo is some- 
times used to produce it. ‘This dynamo has two windings on the 
armature. One is of fine wire and is in series with the field 
magnets and excites them. The other is of copper bars, and 
connects with the welding apparatus, giving a current of high 
intensity but actuated by low potential. 


Where the special dynamo is not used, an induction coil or 
transformer is used. ‘The primary includes a large number of con- 
volutions of relatively fine wire; the secondary may only be one 
turn of a large copper bar. | : 


The cut shows in diagram an electric welding coil. P is the 
primary coil of a number of turns of wire ; SS is the secondary, a 
single copper bar bent into an almost complete circle. It terminates 
in clamps D D for holding the bars to be welded. B CG bee are 
the bars to be welded. They are pressed together by the screw 
J. The large coil J of iron wire surrounding the coils represents 
the iron core. * 

The real apparatus as at present constructed involves many 
modifications. ‘The diagram only illustrates the principle of the 
apparatus. 

In welding by the voltaic arc the place to be heated is made an 
electrode of an arc by connection with one terminal of an electric 
circuit. A carbon is connected to the other terminal. An arc is 
started by touching and withdrawal of the carbon. The heat may 
be used for welding, soldering, brazing, or even for perforating or 
dividing metal sheets. 


Welding Transformer. The induction coil or transformer 
used in electric welding. For its general principles of construction, 


see Welding, Electric. 


Wheatstone’s Bridge. A system of connections applied to 
parallel circuits, including resistance coils for the purpose of 
measuring an unknown resistance. A single current is made to 
pass from A through two parallel connected branches, joining 
together again at C. A cross connection & D has a galvanom- 
eter or other current indicator in circuit. In any conductor 
through which a current is passing, the fall of potential at given 
points is proportional to the resistance between such points. 
Referring to the diagram a given fall of potential exists between 
A and C. The fall between 4 and B is to the fall between 
A and C as the resistance r between A and Z is to the resistance ~ 
y + r/ between A and C. Thesame applies to the other branch, 
with the substitution of the resistances s and s’ and the point D 














576 STANDARD ELECTRICAL DICTIONARY. 


fory vy’ and &. Therefore, if this proportion holds, Mee A | 


No current will go through & D, and the galvanometer wil] be 
| unaffected. Assume s’ to be of un- 

A known resistance, the above proportion 

will give it, if 7, 7’ and s are known 
or if the ratio of ~ to 7’ and the abso. 
lute value of sis known. In use the 
resistances 7, 7’, and s are made to 
vary as desired. To measure an un. 
known resistanice it is introduced at 


varied until the galvanometer is uy- 
affected. Then the resistance of 5/ js 
determined by calculation as just ex. 
plained. The artificial resistances may 
be resistance cotls, q. v., or it is enough 
to have one unknown resistance at 5. 
Then if the length of wire 4 B Cig 





- | accurately known, the point B can be 
WH ties Buccs shifted along it until the balance is at- 
Connections! tained. The relative lengths 4 B, and 


B C, will then give the ratio +: 7/ 
needed for the calculation. This assumes the wire 4A B C to be 


of absolutely uniform resistance. This is the principle of the — 


meter-bridge described below. The use of coils is the more com- 





























































































































Fig. 348. Top or Box BRIDGE. 


mon method and is carried out by special resistance boxes, with 
the connections arranged to carry out the exact principle as 


s’, and one of the other resistances ig 
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explained. The principle of construction and use of a resistance 
box of the Wheatstone bridge type, as shown in the cut, is described 
under Lox Lridge, q. v. 


The next cut shows the sliding form of bridge called the meter 
bridge, if the slide wire is a meter long, or a half- or a quarter- 
meter bridge, etc., according to the length of this wire. It is 
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Fig. 349. MrtTer Bripce. 


described under Meter Bridge, q.v. Many refinements in con- 
struction and in proper proportion of resistances for given work 
apply to these constructions. 

Synonyms—Hlectric Balance—Resistance Bridge—Wheatstone’s 
Balance. 


Whirl, Electric. (a) A conductor carrying an electric current 
is surrounded by circular lines of force, which are sometimes termed 
an electric whirl. | 


(6) The Electric Flyer. (See Flyer, Electric.) 


Wimshurst Electric Machine. An influence machine for 
producing high potential or static electricity. 


Two circular discs of thin glass are mounted on perforated hubs 
or bosses of wood or ebonite. Each hub has a groove turned upon 
it to receive acord. Hach disc is shellacked. They are mounted 
on a horizontal steel spindle so as to face and to be within one-. 
eighth of an inch of each other. On the outside of each disc six- 
teen or eighteen sectors of tinfoil or thin metal are cemented. 
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Two curved brass rods terminating in wire brushes curved into a 


semi-ellipse just graze the outer surfaces of the plates with their 


brushes. They lie in imaginary planes, passing through the axis of 
the spindle and at right angles from each other. 


_ Four collecting combs are arranged horizontally on insulatin 
supports to collect electricity from the horizontal diameters of the 
discs. These lie at an angle of about 45° with the other equalizing 
rods. Discharging rods connect with the collecting combs. 


The principle of the machine is that one set of sector plates act 
as inductors for the other set. Its action is not perfectly under- 
stood. 


It works well in damp weather, far surpassing other influence 
machines in this respect. On turning the handle a constant suc- 
cession or stream of sparks is produced between the terminals of 
the discharging rods. : } 


Windage. Ina dynamo the real air gap between the armature 
windings and pole pieces is sometimes thus termed. | 


Wind, Electric. The rush of air particles from a point con- 
nected to a statically charged condenser. 


Winding, Compound. A method of winding a generator or 
motor in which a shunt winding is used for the field magnets and 
in which also a second winding of the magnet is placed in series 
with the outer circuit. (See Winding, Series—Winding, Shunt.) 
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Fig. 350. CHARACTERISTIC CURVES OF SHUNT AND SERIES WINDING. 


The object of compound winding is to make a self-regulating — 


dynamo and this object is partly attained for a constant speed. 


The characteristic curves of shunt and series winding are of oppo- — 


site natures. ‘The first increases in electro-motive force for resist- 
ance in the outer circuit, the latter decreases under the same 
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conditions. If the windings are so proportioned that these con- 
ditions for each one of the two windings are equal and opposite, 
it is evident that the characteristic may beastraight line. ‘This, 
however, it will only be at a single speed of rotation. 


Winding, Disc. A winding which (S. P. Thompson) may be 
treated asa drum winding extended radially, the periphery corre- 
sponding to the back end of the drum. The magnet poles are — 
generally placed so as to face the side or sides of the disc. 


Winding, Lap. A method of winding disc and drum armatures. 
It consists in lapping back each lead of wire towards the preceding 
lead upon the commutator end of the armature. Thus taking the 
letter U as the diagrammatical representation of a turn of wire in 
connecting its ends to the commutator bars they are brought 
towards each other so as to connect with contiguous commutator 
bars. This carries out the principle of keeping the two membets of 
the U moving in regions of opposite polarity of field, so that the 
currents induced in them shall have opposite directions, thus pro- 
ducing a total current in one sense through the bent wire. 


Winding, Long Shunt. A system of compound winding for 
dynamos and motors. The field is wound in series and, in addition 
thereto, there is a shunt winding connected across from terminal to 
terminal of the machine, and which may be regarded either as a 
shunt to the outer circuit, or as a shunt to the series-field and 
armature winding. (See Winding, Short Shunt.) 


Synonyms—Series and Long Shunt Winding. 


Winding, Multiple. A winding of an electro-magnet, in which 
separate coils are wound on the core, so that one or any number 
may be used as desired in parallel or in series. For each coil a 
separate binding post should be provided. 


Winding, Multipolar. Winding adapted for armatures of multi- 
polar dynamos or motors. 


Winding, Series. A method of winding a generator or motor, 
in which one of the commutator-brush connections is connected to 
the field-magnet winding; the other end of the magnet winding 
connects with the outer circuit. The other armature-brush con- 
nects with the other terminal of the outer circuit. 


. Winding, Series and Separate Coil. A method of automatic 
regulation applied to alternating current dynamos. _ : 


Winding, Short Shunt. A method of compound winding 
for dynamos and motors. The field is wound in series, and in 
addition thereto there is a shunt winding connected from brush 
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toxbedcls : sce 
Shunt) only, thus paralleling the armature. (See Winding, 


Synonyms—Series and Short Shunt Winding. 


Lon 2" 


Winding, Shunt. A method of winding a genera 
Hach commutator-brush has two On ectOae One ee pee 
terminals of the outer circuit, the other set are the terminals " 
the field-magnet windings. In other words, the field-magnet wind 
ings are in shunt or in parallel with the outer circuit. : 


Winding, Shuttle. A method of d 

wi ° yhhamo or. motor-armat 
winding. A single groove passes longitudinally around the oor 
and in this the wire is continuously wound. The system is not 
now used. The old Siemens’ H armature illustrates the principle. 


Winding, Wave. A method of winding disc and drum arma- 
tures. It consists in advancing the commutator ends of the U 
shaped turns progressively, so that as many commutator bars 
intervene between any two consecutive commutator connections of 
the wire as there are leads of wire on the drum between consecu- 
tive leads of the wire. This is carried out with due regard to the 
Ee ee pales the letter U as the diagrammatical representa- 

on of a turn of wire, its two members must m i 
of the field of opposite polarity. Se ee 


_.Wire Finder. A galvanometer or other instrument used for 
identifying the ends of a given wire in a cable containing several. 


Work. When a force acts upon a bod d i 
ork. | y and the body mo 
the direction of the force, the force does work. Hove: onl Fe 
the action of a force through space against resistance. 


It is generally expressed in compound units of length and weight 
as foot-pounds, meaning a pound raised one foot. 


Work, Electric, Unit of. The volt-coulomb 
second, as it is Gen termed. » G- V-, Or watt- 


Working, Diode. In multiplex telegraphy the transmission 


of two messages, simultaneously, over one wire. 
Multiple y wire. (See Zelegraphy, 


Working, Contraplex. A variety of duplex telegraphy in which 
the messages are sent from opposite ends of the line, simultane- 
ously, so as to be transmitted in opposite directions. (See Work- 
ing, Diplex.) : 


Working, Diplex. In duplex telegraphy the sending of two 


independent messages from the same end of the line in the same 
direction. : 


wy 
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Working, Double Curb. A method of working telegraph lines. 
When a signal is sent the line is charged. ‘This has to be got rid 
of, and is an element of retardation. In double curb working it is 
disposed of by sending a momentary current first in the reverse, 
and then in the same, and finally in the reverse direction. ‘This is 
found to reduce the charge to a very low point. 


Working, Hexode. In multiplex telegraphy the transmission 
of six messages simultaneously over one wire. (See Jelegraphy, 
WINE PICA. Ve. : 


Working, Pentode. In multiplex telegraphy the transmission 
of five messages simultaneously over one wire. (See Zelegraphy, 
Multiplex.) 


Working, Reverse Current. A method of telegraphy, in which 
the currents are reversed or alternated in direction. 


Working, Single Curb. A simpler form of telegraph signal- 
ing than double curb working. It consists in sending a reverse 
current through the line for each signal by reversing the battery 
connection. 


Working, Tetrode. In multiplex telegraphy the transmission 
of four messages simultaneously over the same line. (See Zeéleg- 
raphy, Multiplex.) 


Working, Triode. In multiplex telegsraphy the transmission of 
three messages simultaneously over the same wire. (See 7eleg- 
raphy, Multiplex.) 


Work, Unit of. The erg, q. v. It is the same as the unit of 
energy, of which work is the corelative, being equal and opposite 
to the energy expended in doing it. 


There are many other engineering units of work, as the foot- 
pound and foot-ton. © 


Yoke. In an electro-magnet, the piece of iron which connects 
the ends furthest from the poles of the two portions of the core on 
which the wire is wound. 


Zamboni’s Dry Pile. A voltaic pile or battery. It is made 
of discs of paper, silvered or tinned on one side and sprinkled on 
the other with binoxide of manganese. Sometimes as many as 
2,000 of such couples are piled up in a glass tube and pressed 
together with two rods which form the terminals. They maintain 
a high potential difference, but having very high resistance and 
slight polarization capacity, give exceedingly small quantities. 


Zero. (a) The origin of any scale of measurement. 
(4) An infinitely small quantity or measurement. 
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Zero, Absolute. From several considerations it is believed that 
at a certain temperature the molecules of all bodies would touch 
each other, their kinetic motion would cease, and there would be 
no heat. This temperature is the absolute zero. It is put at—272° 
C. (—459° F.) : | 

Zero, Potential. Conventionally, the potential of the earth. 

True zero potential could only exist in the surface of a body 
infinitely distant from other electrified bodies. 


Zero, Thermometric. There are three thermometric zeros, 
In the Réaumur and centigrade scales, it is at the temperature of 
melting ice ; in the Fahrenheit scale, it is32° F. below that temper- 
ature, or corresponds to —17.78° C. 


The third is the absolute zero. (See Zero, Absolute.) 


Zinc. A metal; one of the elements; atomic weight, 65.1; 
specific gravity, 6.8 to 7.2. 


: microhms, 
Resistance at 0° C. (32° F.), per centimeter cube, 5-626 
Resistance at 0° C. (32° F.), per inch cube, 2.215 
Relative resistance (silver = 1), 3-741 
: ohins. 
Resistance of a wire, I foot long, weighing I grain, .5766 
(a) t foot long, 1 millimeter diameter, 33.85 
(2) I meter long, weighing I gram, -4023 
c) I meter long, 1 millimeter diameter, .07163 


Zinc is principally used in electrical work as the positive plate in 
voltaic batteries. 


Zincode. The termirial connecting with the zinc plate, or its 
equivalent in an electric circuit; the negative electrode; the 
kathode. A term now little used. 


Zinc Sender. An apparatus used in telegraphy for sending a 
momentary reverse current into the line after each signal, thus 
counteracting retardation. 


Zone, Peripolar. In medical electricity, the region surround- 
ing the polar zone, q. v. 


Zone, Polar. In medical electricity, the region surrounding 
the electrode applied to the human body. 
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APPENDIX 


Consult Special Index to this Appendix, immediately 
following the general index. 


i i i he energy of 
Absorption, Luminous. The retention of part of t 
light in its passage through bodies not absolutely transparent. 


Absorption of Electric Light by Globes. 
Kind of Glass. Per cent. absorbed. 


Clear, Lone 20 
Alabaster, : SS) 
Opal, 20 * 30 : ° 
Ground, 30 AS 
Heavily ground, es he 
Heavy opal, 50 ** 60 


Large globes absorb more light than small ones. 
(Geipel & Kilgour and von Hefner-Alteneck.) 


Adhesion, Electric. Adhesion between bodies due to the attrac- 
tion of their dissimilar electrostatic charges. 

Admittance. ‘The reciprocal of impedance, q. Vv. It is expressed 
SG jati merican Institute of Electrical 
oe ae oy Si reece with headquarters in 
New York City. It is the foremost electrical society of the Western 
beeen i hine which gen 

i : namo electric mac - 
Se laae Moe separated by a quarter cycle, or 
in quadrature. . | 

Synonym—Diphaser. 

Alternator, Monocyclic. An alternator in which the uniphase 


j are combined. : 
ee ee cand with two circuits, one of which generates 
the principal E. M. F. for uniphase transmission ; while the other 
circuit, of smaller wire, is connected to the middle of a main 
winding and generates an KB. M. F. in quadrature wit the main 


winding. 
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The main winding is connected to the lightin circuits j 
the usual manner. For operating triphase motos e ihind bs aS a 
wire is connected to the auxiliary winding and led to the middle a 
two transformers in series on the uniphase circuit. The seconds 2 
circuits of the transformers are connected in Series, the secondar ae 
et however, being connected in the reverse sense. Three ae 
eee from these secondaries furnish a triphase current to the 


Alternator, Multiphase. A dyr i i 

: ynamo electric machine i 
generates two or more alternating currents in definite Bhee ae 
tionship with each other. They are required when it is desired to 
eee alternating current motors which have to start under ful] 
oad. 


Synonym—Multiphaser. 


Alternator, Triphase. <A d i ; . 
ft ° ynamo electric machire which 
generates three separate alternati ; DAY 
third of a cycle. p ating E. M. F.’s separated by one- 
Synonym— Triphaser. 


Alternator, Uniphase. Ad i : 
: ’ ° ynamo electric machin i 
erates a simple alternating current. = wichigen 


Synonym—Uniphaser. 


Ammortisseur. A device proposed by Hutin a 
compensate armature reaction A dide aden cua a ee Rome 
of a dynamo. It consists of a series of tods of copper carried 
through slots in the pole faces and short-circuited together at the 
ends by two tings of copper. The arrangement constitutes a 
damper for oscillations of the magnetic flux at commutation. 


Ampere, International. The legal unit o 
the International Congress at hice in 1893 : oe ey 
It is one tenth of the unit of current of the C. G. S. system of 
electro-magnetic units, and it is represented sufficiently well for 
practical use by the unvarying current which, when passed through 
eges gt een of silver in water, and in accordance with ee 
| specifications, deposits si ; 
eh ae , deposits silver at the rate of o.oo1118 of a gram 


Amyloid. A substance used for incandescent | 
Its composition is C, H,, Oe e amp filaments. 


Analogy, Hydraulic. A method used to illustrate and explain 
electrical phenomena in a popular way by showing the similarity 
ee oe electrical and hydraulic actions. For instance. — 
a dynamo charging a storage cell is like a pump filli 
Sess ge pump filling a tank, etc, 
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Anchoring of Trolley Line. A method of sustaining a trolley 
wire against longitudinal strains by means of guys attached to the 
wire and stretched in opposite directions. 


Anchor Pole. A pole of sufficient stiffness to assume the entire 
tension of all its circuits. It is used where an abrupt angle occurs, 
or where a heavy line is terminated to enter underground conduits. 


Anode, Preponderating. In an induction coil the induced 
H. M. F. is greater when the primary current is broken than when 
it is made. The positive terminal of this greater E. M. F. is the 
preponderating anode. The opposite terminal is called the pre- 
ponderating cathode. 


Anticathode. Whatever substance is struck by the cathodic 
stream in a Crookes’ tube. The X-rays apparently emanate from 
the anticathode. 


Anti-Hum. A galvanized iron shackle inserted directly in a 


telegraph line wire, near a pole, and provided with a washer, or 





Fic. 351. Anti-Hum. 


cushion, of rubber or other suitable material to take up the vibra- 
tions of the wire. To preserve the continuity of the circuit a piece 
of wire called a bridle or jumper is passed loosely around the anti- 
hum and soldered to the main line at both ends. 


Arc Deflector. An electro-magnet, with a peculiarly-shaped 
pole piece, used in an electric railway motor controller to power- 
fully deflect, and thereby extinguish, the arcs formed on breaking 
the various contacts when the controller cylinder is turned. 


Armature, Toothed Ring. A ring armature whose core has 
projections between which the coils are wound. 


Arm Rest. A device for lessening the fatigue of holding a tele- 
phone receiver to the ear. It consists of a bracket carrying a pad 
or cushion on which the elbow is supported. 


Synonym—Elbow Rest. 
Auto-Transformer. A transformer containing but one coil of 


wire on an iron core. There are three terminals, one at each end 
of the coil and one connected to it at an intermediate point. 
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_ When used as a pressure reducer the whole coil is connected as a 
primary and the part coil asa secondary. Connecting in the Oppo- 
site sense will make it act as an augmentator of pressure. 


Synonym—One-Coil Transformer. 
od. The symbol for the unit of flux-density, the gauss, q.v. 


Balanced Metallic Circuit. A metallic circuit whose two sides 
are electrically similar. 


Balance Indicator. An instrument used on the Edison three- 
wire system to show if the potentials on the two sides of the system 
are equal. It consists of two egual high resistances connected in 
series to the two outside wires; a simple galvanometer connected to 
the junction between thé high resistances and to the neutral wire 
shows any inequality of potentials. 


Ball Lightning. (See Lightning, Globe.) 
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Fic. 352. Wire Barrow. 


Barrow, Wire. A hand barrow provided with a reel on which 
a coil of wire may be placed. } 
It is used in stringing pole lines. 


Bar, Tamping. An iron bar with an end shaped suitably for 
ramming or beating down the soil, stones, etc., around the butt of 
a pole when the hole in which it rests is being filled up. 


Baton, Electric. An orchestra conductor’s baton arranged so as 
to close an electric circuit at each stroke of beating time. It is 
used in physiological experiments in connection with a chrono- 
graph to determine accuracy of rhythmic action. 

An electrically tlluminated baton has been used in the opera so 
as to be visible to the orchestra when the auditorium lights are 
extinguished during change of scene. 


Bipolar. Ad/. Having two poles. 


Bismuth Spiral. An instrument for the measurement of strong 
magnetic fields. Its operation depends on the.fact that the resist- 
ance of bismuth varies about 5 per cent. for a change of Iooo lines 
of force in a magnetic field. 
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Bond, Rail. A means of obtaining good and ample electrical 
connection between adjoining rail ends in order that the return 
current in an electrical railway system may be led back to the power 
station without undue leakage through the earth. 


Booster. A dynamo placed in series with an electric circuit 
so as to raise its EH. M. F. 

It is used in multiple arc systems of electrical distribution to 
increase the HK. M. F. so as to charge a storage battery, or to feed 
more current into the conductors at points of low E. M. F. (See 
Dynamo, Equalizing—Dynamo, Far Leading.) 

Synonym —Compensator. 


Border Lights. Rows of lights located in a reflector and sus- 
pended between the curtains in the flies of a theater stage. 


Boucherizing Process. A method invented by August Bouch- 
erie (1801-1871) for the prevention of decay in telegraph poles, etc., 
by impregnation with a solution-of copper sulphate. 


Brace, Cross Arm. A strengthening support for a heavily 
loaded cross arm. 3 


Break=-Wheel. A wheel provided at its periphery with alter- 
nate insulating and conducting segments. A pair of brushes bear- 
ing on the periphery carry the current to be interrupted. 

When used to break the primary circuit of an induction coil, a 
condenser or an air blast is used to lessen sparking and produce a 
quick break. [See Air Blast (6.)] 

A simple form of break wheel with segments of various lengths 
is used to transmit signals automatically in messenger and fire 
alarm call boxes. 


Bridges. Heavy conductors in a direct current incandescent 
lighting station leading from the dynamos, overhead to the switch 
board. 


Bridge, Decade. A Wheatstone bridge in which the rheostat 
coils are arranged in groups of ten equal coils of each denomination 
connected in series. This allows of the comparison of, say, the ten 
unit coils with the one ten coil, etc.; and has the advantage that 
the number of plugs used is constant. | 


B. T. U. (a) An abbreviation for Board of Trade Unit, the com- 
mercial unit of electrical work adopted by the British Board of 
Trade. : 

It is the kilowatt-hour. 

(6) An abbreviation for British Thermal Unit, the amount of 
heat required to raise-a pound of water 1° F: It equals 776 foot- 
pounds. | 
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Bunch Lights. A group of incandescent lamps placed in a 
reflector which is mounted on a portable iron stand and provided 
with a flexible cable and attaching plug. ‘They are used for light. 
ing any particular part of a scene on a theater stage. 


Burnettizing Process. A method invented by Sir William 
Burnett for the prevention of decay by impregnation with a soly- 
tion of zinc chloride. : 

It is used for preserving telegraph poles, etc. 


Bushed Poles. A method of diminishing the fringing of lines 

of magnetic force at the edge of dynamo pole pieces by bushing 

a the armature chamber with a thin iron tube 

which acts as acarrier of the stray magnetism 
between the pole tips. 


Bushing, Socket. A nozzle of insulating ma- 
terial screwed into the base of an incandescent 
lamp socket for the purpose of insulating the 





Fic. 353. Frar socket from a fixture or, in the case of pendants, _ 


SocxeT Busuinc. _ to protect the flexible cord from abrasicn. 


Button, Ceiling. A perforated block of insulating material 
fastened to the ceiling and having a pendant cord passing through 


it so that the pendant may hang from a different point than its ceil- 
ing rosette. 





ae 
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Cable, Beaded. A cable devised to have a low electrostatic 
capacity. Instead of rubber or gutta percha, the wires are incased 
in a series of wooden beads and then placed in a leaden sheath. 


Cable, Emergency. A light cable of about half a mile in length 
used to temporarily repair a line broken by storm, wash-out, or 
other accident. 


Cablegram. A telegraphic dispatch which has been transmitted 
through a submarine cable. 
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Cable Head. A cast-iron box provided with binding posts and 
arranged to form a water-tight connection box at the terminal of a 
cable. | 


Call Box, District. A box containing mechanism for automatic- 
ally sending signals to a messenger office. | 


veh 
ee 


B 


Candle Balance. A scale beam arranged to hold one or two 
standard candles in a photometer so as to determine their loss of 
weight while burning for any given time. (See Candle Power.) 


Dire anere’ 
Ayes) 


L 





Canopy. An ornamental metal shell — 
placed at the base of a lighting fixture for 
the purpose of concealing the insulating 
joint, cut-out, etc. 


Cant-Hook. A wooden lever with an 
iron hook hinged near one end. It is used 
for rolling logs and for turning telegraph 
poles, when first set in their holes, so that the cross-arm gains will 
face properly. 


Capability, Electrical, of Voltaic Cell. The square of its 
EK. M. F. divided by its internal resistance. It represents the 
activity, in watts, of the cell when short circuited. If an activity 
of P watts is required from a given battery, the minimum number 
of cells required will be 4 P~the capability of one cell. (Houston 





Fic. 356. CANOopy. . 


‘ and Kennelly.) 


Carbon Back. A block of carbon used as the rear, non-vibrating 
electrode of a telephone transmitter. 


Carbon Balls. Spheres of carbon for use in certain forms of 
telephone transmitters. The balls are sometimes placed so as to 
complete the circuit between a carbon diaphragm and a carbon back 
having cavities in which the balls partly lie. 


Carbon Button. A small disc of compressed lamp-black. Its 
property of having a variable electrical resistance under varying 
pressure fits it for use in certain forms of telephone transmitters, 
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Carbon Diaphragm. A disc of carbon about ; inch thick ngea 
as the front, vibrating electrode of a telephone transmitter, 


Carcass of Dynamo. ‘The field magnet frame of a dynamo, 


Cathetometer. An instrument for accurately measuring differ. 
ences of level between near points. It consists of a vertical bar on 
which a divided scale is engraved. This bar carries a sliding tele. 
scope provided with cross-hairs. The points whose difference of 
level is required are observed through the telescope, and the posi- 
tions of the latter on the scale enable the relative heights to he 
easily calculated. The addition of another telescope to the bar 
adapts the instrument to be used in the comparison of standards 
of length. Cathetometers are not usually constructed of a greater 
vertical range than I50 centimeters. 


Cathode. ‘The same as Kathode, q. v. 


ae Preponderating. (See Appendix, Anode, Preponder- 
ating. 3 | 


Catoptrics. The science of the reflection of light. 


Cazin. A unit of electro-chemical energy proposed by F. M. F 
Cazin, and defined by him as ‘‘the unit of chemical energy and 
work, which is consumed, when one decigram atomic-weight of 
oxygen (negative matter) combines with a positive element, which 
unit is the equivalent of the electrical force, which in electrolytic 
action deposits, per second, 200 ampere-quauntities of metal.” 


Cell, Heat. A voltaic cell in which heat energy is converted 
into electrical energy. They are of three principal varieties: (a 
Those in which the heat acts upon the materials of the cell h 
causing fusion or decomposition. (6) Those in which heat operates 
to set free chemical affinities whereby the cell is caused to operate. 


(c) Thermo-chemical cells, in which a difference of potential is — 


alae’ by keeping one plate at a higher temperature than the 
other. : 2 


Checking Instrument. An instrument used in cable telegraphy 
to verify despatches by printing dots and dashes on the siphon 
recorder strip. 


Chemic. A unit of current proposed by J. T. Sprague. It is 
that current which, flowing through a voltameter, liberates one 
grain of hydrogen in ten hours. It equals 1/5.68 ampere. | 


-Chronoscope, Electric. An instrument for indicating small 
intervals of time. In one form of chronoscope an electro-magnetic 
detent releases a pendulum which carries a light pointer swinging 
along a graduated arc. Another electro-magnetic detent, at the 
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expiration of the interval to be measured, clamps the pointer to the 
arc. The graduation at which the pointer stops gives the time 
between the two electric signals. : 


Circuit Breaker, Automatic Magnetic. <A form of automatic 
switch which opens a circuit when the current in it attains too high 
a value. | 
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The switch, drawn open by a spring, is kept closed by a latch 
which is released by an electro-magnetic mechanism which is 
traversed by the current. 3 

Synonym—Magnetic Cut-out. . 


Circuit Breaker, Vacuum. A circuit breaker in which the 
contacts points are enclosed ina vacuum. ‘The object is to break 
an inductive circuit instantaneously and without spark in order to 
intensify the inductive effects. One of the contacts is attached to 
a vibrating or a rotating armature which is set in motion by a 
laminated core electro-magnet just outside of the vacuum tube 
containing the contacts. 


Coherer. An exceedingly sensitive means of detecting electric 
waves. In one form two metallic electrodes, one of which isa 
spring, are just lightly touching each other; a galvanometer and 
battery in circuit with them indicate practically an open circuit. 
The instant, however, an electric wave sweeps across the electrodes 
they ‘‘cohere’’ and the galvanometer is deflected, showing a low © 
resistance. Some force is required to separate the electrodes. 
(See Relay, Marcont’s.) 


Coil, Damping. A small coil mounted on an adjustable stand 
and placed near a galvanometer so that, by sending occasional 
currents through the coil, the galvanometer may be quickly 
brought to zero. 7 ie 
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Coil, Compensating. An adjustable resistance c 3 
Sess : onn 

shunt to the series field coils of a compound wound donee - 

that the compounding may be varied if necessary. a 


Coil, Tesla. A form of induction coil-ad i ; 
pote’ and high frequencies. ge = 
e primary coil, of but few turns, is connected to an j 
machine or the secondary of aspark coil, a spark gap aiid Condentee 
are placed in parallel across the connecting wires. se 
The secondary coil, of finer wire is wound on areel of rubber 
No core is used. 
Both primary and secondary are immersed in a bath of paraffine 
oil out of which the conductors are led in glass or yulcanite tubes 


Comparative Indicator. A form of differential. galvanometer 
used on the Edison three-wire system to 
compare the poten tial of the mains at various 
feeding points with the potential maintained 
by the standard feeder. 


Condenser, Adjustable. A condenser 
whose capacity can be varied by connecting 
any required part of it to a circuit. 


Synonym—Sub-divided Condenser. 
ee Condenser, Multiple-Series. An adjust- 


ApyusTABLE able condenser whose sections may be con- 
CoNnDENSER, . nected in parallel or in series. 





Conductivity Bridge. An instrument for measuring low resist- 
ances such as copper rods, etc. 
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Conductor, Twin. A cable containing two separately insulated 
Cee It is used in single tube systems of iron armored interior 
conduit. : 


_ Conduit, Flexible. A tube woven of and impregnated with 
insulating and waterproofing materials and used as an interior 
conduit, q.v. | 
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Conduit, Interior. A system of tubing with suitable couplings, 
elbows, junction boxes, etc., intended to be installed in a building 
during construction, and to receive subsequently the conductors, 
cut-out blocks, etc., for supplying current throughout the building. 
The tubes are supplied of plain insulating material; or of steel, 
iron, or brass, lined with a suitable insulation. 


Conduit, Railway. A subway containing conductors for supply- 
ing current to an electric railway, and arranged so that the current 
may be led from the conductors to the car motors. 





Fic. 360. Contract Maker. 


Contact Maker. A device for connecting an electrometer or 
other instrument to the terminals of an alternator or transformer 
under test for a small fraction of each revolution, and also at any 
desired position of the armature in its revolutions. The apparatus 
is used in obtaining the curve of E. M. F. generated by alternating 
current machines. ; 

Co-phasal Alternations. Alternations whose HE. M. F.’s are 
similar and synchronous. When alternators are in step, their 
alternations are co-phasal. 

Core Pins. Small copper or brass pins which are set into the 
poles of an electro-magnet to prevent adherence of the armature 
by residual magnetism. A thin plate of copper is sometimes used 
for the same purpose. 


Core-Ratio of Cable. ‘he ratio of the diameter of the insula- 
tion of a cable to the mean diameter of the strand. 


Coulomb, International. The legal unit of electric quantity 


_ defined by the International Congress at Chicago, in 1893.~ It is the 


quantity of electricity transferred by a current of one international 
ampere in one second. : 
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_Coupling, Electric. A device for properly connecting the 
signal or lighting wires of the successive cars in a railway train. 


Cross Arm. A bar fastened at right angles to the upper part of 
a pole for the purpose of supporting insulators and electric Wires 
attached thereto. 


Cross-Over. A device used at a crossing of two electric trolley 
roads to enable the trolleys to pass the crossing without jumping or 
sparking. 


Cryptoscope. A form of fluoroscope, q.v., having a lens at the 
eye end to magnify the fluorescent image. 


Cups, Leading-In. A form of insulator used to protect and 
insulate wires entering a building. 


Current, Marking. A current intended to record a dot or a 
dash on the paper ribbon in the polarized receiver of Wheatstone’s 
automatic telegraph. : 


Current, Spacing. A current the opposite in direction and 
purpose to the Marking Current, q. v. 


Current Tap. An adapter fitting a lamp socket so that the lamp 
may be stillin use while current is being supplied by a flexible cord 
to a portable lamp, motor, or other device. | 


Curve Tracer, Ewing’s. An instrument for giving the hys- 
teresis curve of a given sample of iron at any desired frequency of 
alternation of the magnetizing current. 


Cut-Out, Film. A device used with incandescent lamps run in 
series on constant current circuits to short circuit the lamp termi- 
nals at the moment of rupture of the filament. It consists of a film 
_ of paper placed between the spring short circuiting terminals. 

This film is an insulator at the P. D. of the lamp, but breaks 
down under the full line KE. M. F. The resulting are burns out the 
paper and completes the circuit. 


Cut-Out, Fixture. A safety cut-out small enough to be readily 
concealed within the canopy of the fixture which it protects. 


Cylindrical Bridge. A form of the meter bridge which is ren- 


dered more compact by having the slide wire wrapped helically ~ 


around a rotating cylinder of insulating material. 
Dart. A spool-shaped piece of wood about six inches long, with 


a leather washer on each end, arranged to make it fit air-tight into 


subway ducts. It is provided at one end with a ring to attacha 
cord to in the operation of pneumatic rodding, q. v. 


Dead-End. A termination ofa pole line wire by anchoring the 
wire to an insulator, - 





—— 
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Dead=-Man. A short, stout wooden bar on one end of which are 
two iron guards, U-shaped, with a short, sharp spike between them. 
It is used to temporarily support a telegraph pole while it is being 
raised to a vertical position. 

Synonym—Butt-Prop. » 

Deflagrator. A voltaic cell of low internal resistance. So 
named Be its inventor, Prof. Hare, from its ability to volatilize 
metallic wires. : 

Synonym—Calorimotor. 

Device, Electro-Receptive. Any device which is operated by 
the passage ofa current. They may be classed by the form of 
energy into which the electrical energy is translated ; as, in the 
electric motor and telephone motion is produced, in an electric 
lamp radiant energy is produced, in the charging of a storage cell 
chemical energy is rendered latent. 

Synonym—Translating Device. 


Dextrorsal. Right-handed. Applied to the winding of a coil. 
) 
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Fic. 361. THEATER DIMMER. 


Dimmer, Theater. An arrangement to diminish the power of 
the lights in a theater and especially on thestage. Rheostats are 
used for controlling direct currents and choking coils, q. v., for _ 
alternating currents. In Fig. 361, is shown a bank of sixteen dim- 
mers arranged so that any of them can be controlled simultaneously 
by a main lever so as to affect a number of different circuits at once. 


Dioptrics. ‘The science of the refraction of light. 


Discharge, Alternative. A phenomenon of impedance to a 
high frequency discharge. . 

if a evden jar be discharged through a long copper wire bent 
into a rectangle but having the ends of the wire separated by, say, 
half an inch, the discharge will take place across the air gap rather 


than through the wire. 3 
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Discharge, Tesla. A disruptive discharge of exceedingly high 
frequency. 

Distributing Board. A connection board to which electric 
mains are brought and from which branch mainsare led. It carries 
safety fuses, and frequently plug or knife switches. | 

The term is sometimes applied to a cross-connecting board, q, y, 


Distribution, Center of. (@.) Any point at which a feeder ig 
connected to a system of mains. 

(0) A panel on which a main is connected, through cut-outs and 
switches, to a set of branches. 


Distribution, Electrical, Efficiency of. ‘The ratio of the 
energy in the electro-receptive devices—lamps, motors, etc.—to the 
total energy in the circuit. : 


Door Trip, Electric. A device that 
closes an alarm circuit for an instant 
during the opening of adoor. It is used 
in offices and small stores to give notice 


to give no alarm when the door is being 
closed. 


Synonym—Door Trigger. 


Drift of Needle. The variation of a 
galvanometer needle from the zero point 
at times when no current is passing 
through the instrument. It is most often 
due to variation in the torsion of the 
suspension, or to moving magnetic masses 


a change inthe magnetic condition of the 
needle, causing it to take up a new posi- 
tion under the influence of the earth’s 
neld and the controlling magnet. 


Dynamo, Heteropolar. A dynamo in 
: which the armature conductors pass from 
being opposite to a north pole piece to being opposite a south pole 
piece, etc. Dynamos in common use are heteropolar. 

Dynamo, Homopolar. A dynamo in which the armature, 
which is a copper disc or cylinder without iron, moves continuously 
past poles of one kind only. The first homopolar dynamo was 
Faraday’s disc, q. v. 

Synonym—‘*Non-polar’’ Dynamo. 


_ Dynamo, Multi-Circuit. A dynamo so constructed as to supply 
two or more independent circuits, 





Fic. 362. . 
Evectric Door Trip. 


of a person entering. It is arranged so as 


in the vicinity. A less frequent cause is _ 





\ 
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Dynamotor. A combined motor and dynamo whereby a current 
of any description,—continuous, alternating, high or low voltage,— 
may be transformed into any other form of current desired. The 
watts of intake are, of course, greater than the watts output. 

Dynamotors may be constructed of three principal types :— 
(z) A motor coupled to the shaft ofadynamo. (6) A motor whose 
armature has two windings, one carrying the motive current, the 
other delivering the secondary current. (¢) A motor which has 
wires connected to certain of its commutator segments, and leading 
to a set of two or more collecting rings. 

Dynamotors are used wherever a different current is desired from 


“what is available. 


Synonyms —Current Reorganizer — Motor | Dynamo — Rotary 
Transformer. 


Edgewise System of Switch Board Construction. A system 
devised by Van Vleck whereby the control of a large electric station 
may be brought under the supervision of one person. In the 
system, all instruments stand out at right angles to the face of the 


switch board, and are all of a standard width. 


All the apparatus belonging to a given circuit is placed vertic- 
ally,—the rheostat, main switch, fuses, ammeter, voltmeter, etc., 


being set one above the other. 
As the width of such a set of instruments is within five inches, it 


» ds readily seen how a large number can be placed in a given space. : 


The instruments are of special design having the divided scale 
at their edge. The rheostat switches have the handles at the edge, 
moving over au arc, as in a stage regulator. 


Efficiency, Torque. ‘The ratio of the torque of the motor to 
the torque which it would give at the same power input if there 
were no internal losses in the motor. (Steinmetz.) 


Efficiency, Torque, Apparent. ‘The ratio of the torque of av 
alternating current induction motor to the torque which it would 
give at the same yolt-ampere input if there were neither internal 
losses nor phase displacement in the motor. (Steinmetz.) 


Electrician. One versed in the principles and applications of 
electrical science. 7 pines 

Elevator Signal, Electric. A device whereby a person on any 
floor of a building can, by pressing a button, cause a signal to 
operate in the first approaching elevator car which is moving in 
the direction he desires to go. . 


‘Electrobat. A name proposed for an electrically propelled 
carriage. : 
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Electrocution. Capital punishment inflicted by electric current 
from ; dynamo of high electromotive force. (See Death, Elec- 
trical. , ‘ 


Synonyms—Electrothanatosis—Electrotisis—Hlectrozemia. 


Electrograph. An electrometer which record photographically 
the static condition of the atmosphere. 


Electrolabrum. A name proposed for a candelabrum fitted with 
incandescent electric lamps in the form of candles. 


Electro-magnet, Portative. An electro-magnet designed to 
exert a pull upon the armature when the armature is in contact 
with the poles. Such magnets are used on derricks, for lifting 
irregular masses of iron; on machine tools, for chucking or hold- 
ing odd shapes to be operated on, etc. 


Electro-magnet, Tractive. An electro-magnet designed to 
exétt a pull on its armature at some distance from the poles. Such 
magnets are used in bells, sounders, annunciators, telephone 
receivers, etc. 


Electrotherm. A variety of flexible electric heater for thera- 
peutic uses. It consists of a felt pad within which is an asbestos 
mat in which is woven aresistance wire. The heat radiated may 
be varied by a switch which is connected to different sections of 

the embedded wire. : ; 


E. M. F. An abbreviation for electromotive force. 
The force that causes electricity to move along a conductor. 


Emissivity. The rate of radiation of energy from abody. Itis 
an important factor in incandescent lamp making, as the amount 
of heat dissipated by a filament, that is, its rate of cooling, depends 
very much on the nature of its surface. 


End Connectors. Copper plates which are used to make the 
proper connections of the armature conductors in a bar armature, 
q. Vv. 

Engineer, Electrical. One who is versed in or who practices 
that branch of science which embraces the designing, making, 
installing and using of electrical devices and machines and the 
various appliances necessary to connect and operate them. 


Entrefer. The space between the face of a pole-piece and the 
iron of the armature of a dynamo. It is the same as the air gaps, q.v. 


Exchange, Automatic Telephone. A form of exchange con- 
taining multiple switches which are moved by electro-magnetic 
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mechanism operated by currents sent from the subscribers’ instru- 
ments. Each subscriber may, therefore, by the operation of his 
calling mechanism, cause his instrument to be connected to that of 
any other subscriber he wishes. 7 


&, The symbol for the unit of magneto-motive force, the 
gilbert, q. v. 


Faétor, Impedance. ‘he ratio of the impedance to the ohmic 
resistance of a conductor. It equals the secant of the angle of lag. 


Factor, Reactance. The ratio of the reactance to the ohmic 
resistance of a conductor. It equals the tangent of the angle of lag. 


Farad, International. The legal unit of electrostatic capacity 
defined by the International Congress at Chicago, in 1893. It is 
the capacity of a condenser charged to a potential of one inter- 
national volt by one international coulomb of electricity. 

The practical unit of capacity is the microfarad, which is one- 


millionth of the above. 


Feeder Clip. A form of clamp whereby a feeder wire may be 
readily connected to a trolley wire. 


Synonym—Feeder Clamp. 


Feeding, Anti-Parallel. A method of current supply to a pair 
of conductors having electro-receptive devices connected in 
multiple arc. It consists in running a feeder from the source to 
the opposite ends of the conductors, so that the current enters one 
of the conductors at one end, passes through the lamps, etc., in 
parallel, and flows in the same direction to the opposite extremity 
of the other conductor. | 3 


Fibre, Vulcanized. An insulating substance composed _ of 
cellulose treated with a metallic chloride. It is supplied in white, 
red or black. ‘The specific resistance of white vulcanized. fibre in 
ohms per cubic centimeter is 14X Lo”. : a 


Filament, Squirted. A variety of incandescent lamp filament 
produced by ejecting a solution, for instance, of cotton -wool in 
chloride of zinc, through a small hole into a vessel of alcohol, 
which causes it to set and harden. The thread thus produced is 
afterward carbonized. The process has the advantage of readily 
giving filaments of any desired diameter. pecs 


Fixture, Combination. A fixture provided with both gas and 
electric lights. . 


. 


Flaming. A phenomenon of the voltaic arc. — In arc lamps 
flaming may be due to bad feeding of the carbons, the are growing 
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too long before the mechanism acts; or to im dirities in : 
i ) the 
which vaporize and produce a conducting cee. errhou 


Fluorescent Screen. A thin screen coated on one surface with 
a fluorescent substance, such as potassium platino-cyanide. 
calcium tungstate. It may be arranged in a fluoroscope i 
or mounted in a vertical frame in front of asource of Soe ee 
as to be seen by an audience. aS 


Fluoroscope. A box of optically opaque material, open 
end and shaped there so as to fit the ee snugly about the eve = 
and having a fluorescent screen, q. v., at the other end. | i 
_ The function of the arrangement is to exclude all extraneou 
light from the eyes so that any fluorescence of the screen ma be 
easily observed. Tes 


; pouarans Electrically Wluminated. A fountain in which the 
jets, sprays, etc., are lit up by powerful beams of light th 

to envelop the jet. Pe ° pie 

A chamber beneath the fountain contains proj 
yjectors, one bel 

each set of jets ; the light from these passes up through chansessin 
color screens, through a plate glass in the floor of the basin, and 
upwards in the direction taken by the jets. 


Ss Galvanometer, Helmholtz. A tangent galvanometer having 
its coils wound on two rings which are placed parallel to each 
other and at equal distances on opposite sides of the needle. The 
obj ect is to form a more uniform magnetic field at the needle. A 
modification by Gaugain has the coils on conical spools, whose 
surfaces, if produced, would have a common apex in the needle. 


_Galvanometer, Lecture. A galvanometer having a large, dis- 
tinct scale and prominent pointer so that its deflections may be 
clearly seen by an audience. 


Galvanometer, Oil Vessel. “A galvanometer in which the 
vibrations of the magnetic system are retarded by a platinum plate 
attached to the suspended system and dipping into an oil vessel. 


Galvanometer Plug, Dead Beat. A tubular plug arranged 
fit into the coil of a reflecting galvanometer, gad cures es 
it a fibre-suspended mirror with magnetic needles attached. 

The swing of the mirror is limited by two circular glass windows 
whose distance apart is adjustable ; the damping is effected by the 
air confined between these windows ; this space is sometimes filled 
with glycerine. 


Galvanometer, Speaking. A dead-beat reflecting galvano- 
tees adapted to receive signals from a submarine telegraphic 
cable. 
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Galvanometer, Tangent, Universal. A tangent galvanometer 
having its coils wound on two annular spools mounted on slides at 
opposite sides of the needle box. The coils are always placed 
equidistant from the needle. The sensibility of the instrument 
with any pair of coils may be adjusted by varying the distance of 
the coils from the needle. 


Gauge, Ampere. A simple form of ammeter for switch board 
use. : 


Gauss, ‘The practical unit of magnetic intensity, or flux-density. 
It is the flux-density produced by a flux of one weber, q. v., passing 
perpendicularly through an area of one square centimeter. Its 


dimensions are I, M T°? (force) —]2 M2? T (strength of pole)= 
L? M? T. | 
Its symbol is od. 


Gilbert. ‘The practical unit of magneto-motive force. Itis equal 


IO 
tO. 22 OL 0; 8 ampere-turn. 
Are 795 p 


Its symbol is F. 


Ground Indicator. An instrument used to show the presence 
ef a ground on an electric lighting circuit. A voltmeter whose 
resistance is known may be used and the resistance of the ground 
calculated from its readings. 


Synonym——Ground Detector. 


Grothuss’ Hypothesis. A hypothesis devised by Grothtss to 
account for the electrolytic phenomena in a voltaic cell; Its 
assumptions are as follows: | 

(1) That before the electric circuit is closed the molecules of the 
electrolyte are arranged in an irregular or unpolarized condition, 
as represented at 1, Fig. 363. These molecules are shaded to indi- 
cate their polarity and composition, the light part representing 
H, and the dark part SO,. 

(2) When the circuit is closed and a current begins to pass, a 
polarization of the electrolyte, as shown at 2, ensues, whereby all 
the negative ends of the molecules of hydrogen sulphate, or 
sulphuric acid, are turned towards the positive or zinc plate B, and 
all the positive ends towards the negative plate. This will turn the 
SO, ends towards the zinc, and the H, ends towards the copper. 

(3) A decomposition of the polarized chain, whereby the SO, 
unites with the zinc and the H, liberated reunites with the SO, of 
the molecule next to it in the chain, and its liberated H, with the 


one next to it, and so on until the last liberated H, in the chain is 
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Fic. 363. Grotuuss’ Hypornugsis. 


given off at the surface of the copper or negative plat 
leaves the chain of molecules as shown at 3. ae 

(4) A semi-rotation of the molecules 
2, of the chain, by polarization as in (2) 
BE until they assume the position the 
same as shown at 2. 


Direction of 





o{. The symbol for magnetizing 
ee force. Its defining equation is:— 


Motion of —4 7 NI 
L 


Direcfion of 
=< 





Current 
fnduced, 








in which N = the number of windings; 
I,=the length of the magnetizing 
solenoid; and I= the intensity of the 
current in amperes. Its dimensions 
are the same as the gauss, q. v. 











un Hand Rule, Fleming’s. Dr. Flem- 

] Mateos ing’s useful rule for remembering the 

seh aE relation between motion, magnetism 
z ee and induced EH. M.F. is as follows: 
ies 464 If the vzght hand be held, as shown 


im Fig. 364 with the extended /ore- 
nger pointing in the direction of th 
flux, and the thumb in the direction of the motion, then the 
. M. F. induced will be directed as the middle finger points. 

: The application of the rule to motors is the same, except that the 
eft hand is to be used. Holding the left fingers similarly, the 


FLEMING’s Hanpb Rute. 
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rule reads: The forefinger represents the direction of the flux, 
the middle finger represents the direction of the current 7, and 
the thuszb points out the direction of the motion. (Houston and 
Kennelly.) 

Horus, Bone of. An ancient Egyptian name for the lodestone. 


Human Relay Working. In telegraphy, and especially in sub- 
marine telegraphy, the translation of a message from one circuit 
directly to another by an operator who transmits to the second cir- 
cuit, direct from signals received on the first, without writing down 
or transcribing the message. . 

Synonym—Manual Translation. 


Humming of Transformer. A noise produced by an alternating 
current transformer. It is due to the mutual repulsion of the iron 
sheets of the core, the mutual attraction of the turns in the coils, 
and to the Page effect, q. v., in the core. It is diminished by 
tightly clamping the core sheets and binding the coils. 


Igniter, Electric. A device used for firing the explosive mix- 
ture in a gas or gasoline engine. It consists of a pair of contacts 
between which a spark is’drawn by a cam at the proper instant. 

Synonym—Exploder. 

Illuminated Dial Instrument. Any engine-room or switch- 
board instrument having a dial of porcelain, or ground glass with 
opaque pointer, graduation and figures; and lit up by an incan- 
descent lamp behind the dial. 


Illumination, Cosine Law of. The intensity of the illumination 
received by any element of a surface is directly proportional to the 
cosine of the angle between its normal, and the direction of the 
incident rays. 


Induction, Electro-dynamic. The production of FE. M. Ets 
in a conductor, when in a field of magnetic force, by moving the 
conductor or the lines of force so that, practically, the conductor 
cuts the lines of force. bese 

There are four modes of electro-dynamic induction :— 

(a) Self induction or inductance, of a conductor on itself. 

(6) Mutual induction, of a current on a near circuit. 

(c) Electro-magnetic induction, of a conductor moving ina 
magnetic field. s 

(d) Magneto-electric induction, of a field moving across a 
conductor. 

Induction Plate. The disc, in an absolute electrometer, q. v., 
which is carried by an insulating stem and moved by a micrometer 
screw. 
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Insulator, Awning. A curved tube of insulating material for 


the protection of wires passing near or around the iron frame of an 
awning, 








Insulator, Floor. A tube of insu- 
lating material to give protection and 
additional insulation toa conductor pass- 
ing through a floor. | 


Insulator, Section. An _ insulator 
for maintaining the electrical separation 
of adjacent sections (see 7rolley Section) 
of a trolley wire while permitting the 

trolley to pass easily from one section to 
Fic, 366. the next. 


Foor Insu : . p 
BewOk Insulator, Strain. A form of insula- 


tor to be placed in the guy wires of a trolley line. It is ad 
to withstand severe pansies y adapted 





Fic. 367. STrain INSULATOR. 


Insulator, Transposition. A two-grooved insulator used in 
transposing telephone line wires. In a metallic (two wire) cir- 
cuit the two lines are cut at a pole, the two ends of one wire are 
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dead-ended on one insulator, and the two other ends are similarly 
fastened; then two short wires, called ‘‘ transposition wires,’’ 
q. v-, are used to make the cross connections. (See 7ransposing.) 


Insulating Cements. Compounds of various gums possessing 
the property of binding substances firmly together, and at thesame 
time maintaining electric insulation between them. Common 
sealing wax and jewelers’ cement are good. The following is 
recommended: Shellac, 5 parts ; resin, 2 parts ; Venice turpentine, 
I part; yellow ochre, 3 parts. | 


Insulating Table. A stand supported by a carefully insulated 
rod. It is used to insulate objects in statical experiments and 


tests. 


Insulation, Electric. The dielectric or non-conducting mate- 
rials which are used to prevent the leakage of electricity. Some- 
times it is made to surround a wire, as in magnet wires, cables, 
etc. Sometimes the insulation supports the conductor at intervals, 
as a bus bar on porcelain blocks, or a telegraph wire on glass knobs. 
In these instances the air is for the most part the insulation. 


Intake. The amount of energy absorbed by a machine. The 
output divided by the intake gives the efficiency. 


= Joint, Insulating, A coupling for attach- 

= ing an electrolier or combination fixture to a 
i gas outlet while insulating it therefrom. 

l 


Joint, Paste. In an incandescent electric 
lamp a joint between the filament and the 
leading-in wires, made by applying a carbon 


(ee | 
i = Ml | 





mi Hl paste to the parts and then hardening the 
it | | joint by heat. 
7 2 Joint, Sleeve. A form-of splice for single 
Fic. 368. wires in which the two ends are run from 
InsuLATING Joinr. | Opposite directions into a double cylinder of 


thin copper. The ends of the wire may be 
brought through and wound around the adjacent wire, or the 
whole sleeve may be twisted by suitable tools, and thus clamp the + 
wires securely. Apertures are usually provided in the sleeve so 
that solder may bé run in. 


Jumper. A short length of wire used to connect around a break 
in accircuit. It must be of equal current capacity to the line it 
connects. (See App. 4uti-Hum.) : 


Synonym—Bridle. 


‘Key, Mouth. A special form of telephonic transmitter, having 
a contact so arranged with reference to the vibrating diaphragm ag 
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to break a circuit at the sound of the voice. It is used in physio- 
logical reaction-time experiments. 


Key, Multiple. A key so constructed that it can be adjusted to 
elose or open more than one circuit at the same instant or suc 
cessively. 


Key, Pistol. An attachment to the muzzle ofa pistol so that a 
circuit is broken when the pistol is fired. (See App. Key, Kunner’s.) 


Key, Reaction. A key adapted to be readily held in the hand, 
and arranged with adjustable contacts so as to make or break an 
electric circuit by a slight movement of the fingers. 


Key, Runner’s. A key which is arranged to break an electric 
circuit when an athlete starts to run. It is used in connection 
with a pistol key and chronograph in physiological reaction-time 
experiments. 


Key, Signaling. A key for sending messages by a submarine 
cable. 

















Fic. 369. Strap Key. 


Key, Strap. A key in which the movable contact is an elastic 
strip, at one end fastened to the base of wood or rubber, and at 
the other bearing a button or knob. 


Key, Successive Contact. A key arranged to close two 
separate circuits successively. (See Key, Sridge.) 


Key, Touch. A flexible pointer or rod mounted in a handle 
and provided with contacts so as to break an electric circuit when 
a person or object is touched by the pointer. 


Konstantan. An alloy used in making resistance coils. It has 
a zero temperature co-efficient, but gives a small thermal EH. M. F. 
with copper. 


-Lag, Angle of. An angle whose tangent equals ratio of the 
inductive to the ohmic resistance. se : 


‘Lamp Bulb. The glass globe containing the filament of an 
incandescent electric lamp. Its function is to maintain the high 
yacuum upon which the life of the filament so greatly depends. 
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Lamp Bulbs, Blackening of. A darkening of the bulb of an 
incandescent lamp due to particles of carbon thrown off from the 
filament. This action reduces the light emitted, in three ways: 

(2) By a coating of opaque carbon on the glass. (6) By alter- 
ing the surface of the filament so that it radiates more heat and is 
consequently cooler. (c) By increasing the resistance of the 
filament so that less current passes. 


Lamp, Efficiency of. This is ordinarily given as the number 
of watts required to produce one candle-power. Although in com 
mon use this rating may be misleading, as it is obvious that the 
greater the watts per candle the less is the efficiency. 

The real efficiency is the reciprocal of the above, or, the candles 
per watt. 


Lamp, Enclosed Arc. A form of lamp in which the arc is en- 
closed within a small bulb with apertures through which the 
carbons pass snugly. ‘The fresh air is thus excluded and the life 
of the carbons is increased about twelve times. 


Lamp Guard. A wire frame to protect an incandescent electric 
lamp from accidental breakage. 


_ Lamp-Stand and Scale. An arrangement for observing the 
indications ofa mirror galyanometer. (See Galvanometer, Reflect- 


ing.) 


Lamp, Theater. A focusing are lamp placed 
in a lantern on an adjustable, portable stand 
and provided with lenses, colored screens, etc., 
for illuminating an actor or a scene. 


Legging-Key Board. A connection board 
in a telephone exchange employed for the pur- 
pose of connecting an operator’s instrument into 
direct circuit with two or more subscribers. 


Light Indicator. A form of annunciator in 
circuit with a battery and thermostat. It is 
used to indicate whether the lamp in a railway 
signal lantern is burning or not. 


Lighting, Vacuum Tube. Illumination by 
high potential alternating discharges through 
vacuum tubes. The advantage of this mode of 
lighting is that the light is produced without 
the usually accompanying heat. It is a cold 
glow illumination. The vacuum tubes used are 
| six or eight feet long and placed in the cornice 

Fic. 37.  ofaroom. They may be given various decora- 
THEATER Lamp. tive forms. : 
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Lightning Arrester, Air Expansion. An arrester in which | 


the discharge and ensuing arc takes place between a fixed and q 
hinged carbon electrode in asmall marble box. The sudden air 
expansion forces the hinged electrode out of the box, breaking 
thereby the arc, and into a similar adjoining box where it rests 
opposite another fixed electrode ready for another discharge which 
will throw it back into the first box. 


Lightning Arrester, High Resistance. An arrester in which 
the discharge jumps across several air gaps in series. The number 
of air gaps is so chosen that the H. M. F. is unable to maintain an 
arc across them. : 


Lightning Arrester, Non-Arcing. A lightning arrester in 
which the property of non-arcing metals, q. v., is availed of. 

A slate base carries seven parallel cylinders of non-arcing meta; 
at a distance from each other of about 34-inch. The exterior cylin- 

ra ders are connected to line, and the middle onc 
is grounded. The flash thus crosses three 
air-gaps. 


Lightning Arrester, Swinging Ball. An 
arrester in which the discharge passes between 
a suspended metallic ball and an electrode im- 
mediately below. 


The sudden air expansion due to the ensuing 
arc causes a violent swing of the ball away from 
the lower electrode, thus breaking the arc. 


Line, Artificial. A set of resistance coils 
and condensers so connected as to form the 
equivalent in resistance and capacity of an er- 
ial or subterrene line. 


Fic. 37%. Line, Wind and Water. A place on tele- 
Swincinc Bal graph poles, close to the ground, at which 
Licnrninc ArrestErR. decay generally begins to take place. : 


ail 
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HENYINSULATED 


4.oad Diagram. A curve, usually plotted on cross-section paper, 
which the X axis is divided into time intervals, hours or days, 
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and on the corresponding ordinates is laid off the load of the gen- 
erating plant at these particular times. It is shown by the curve 
CP. D; in ‘Fig: 372: 


Load Factor. The ratio of the actual output of any given plant 
to its output if it were worked continuously at full load for the 
same period. In the load diagram, Fig. 372, it is the ratio of the 
area C P D X& O, to the rectangle A B X O. 


Load, Peak of. The greatest load which a station is called upon 
to supply in any given period. It is shown at P, in Fig. 372. 


Loss, C’R. An expression for the loss of energy of a current in 
its passage through a conductor. The watts lost in heating a con- 
ductor are equal to the product of the current by the EK. M. F., at 
its terminals, or W=CXE. But E=C xR; substituting this value 
gives W—C?XR. 

The equation is oftener used in this form because the resistance 
is more easily found (from tables) than the KE. M. F. 


Luminescence. A power possessed by certain substances of 
emitting light after having been exposed for a time to luminous 
radiations. 


Although commonly called phosphorescence, it is quite a differ- 
ent phenomenon. 


#t. The symbol for magnetic permeability. 


Magnetic Circuit, Air-. That part of a magnetic flux path 
which lies entirely in the air. 


Magnetic Circuit, Closed=-. A magnetic circuit which flows 
entirely in iron or other paramagnetic substance. 


Magnetic Induction, Lines of. 
Lines which show the direction and 
quantity of the lines of force in a 
magnetic field. : 


Magnetic Spectrum. The figures 
produced by iron filings upon glass 
or paper held near magnetic poles. 

(See. Magnetic Field of Force— 
Magnetic Curves.) | 

Synonyms—Magnetic Phantom. 
Magnetic Figures. 


Fic. 373. Magnetite. Magnetic oxide of 
_ Macneric Spectrum. iron; a black oxide of iron (Fe,O, 
or FeO.Fe,0;) which is strongly attracted by a magnet. 





; 
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Metal, Non-Arcing. It was discovered by Wurtz that certain 
metals of the cadmium group would not sustain an arc between 
electrodes formed of them. It is probably because the spark, on 


crossing between the electrodes, volatilizes and oxides some of the: 


metal and extinguishes itself by interposing a non-conducting 
vapor between the surfaces. 

This peculiar property has been utilized in the construction of 
lightning arresters. 


Meteorograph, Electric. An electrical apparatus for auto. 
matically recording various meteorological data, such as tempera- 
ture, height of barometer, direction and velocity of the wind, 
rainfall, insolation, etc. 


Meter, Telephonic. A clock which is allowed to run by the 
removal of the receiver from the hook. Replacing the receiver 
stops the clock, thus showing the time during which the instry- 
ment was in use. 


Metronome, Registering. A clockwork time-marking instru- 

ment arranged to close, at any desired interval, the electric circuit 
of a chronograph. 
_ Micanite. An insulating material made by cementing laminze 
of pure mica together with shellac or other suitable adhesive. Its 
toughness can be increased by preparing it with a backing of paper 
or cloth. It is largely used in armatures. 

Its specific resistance at 30° C. (86° F.) is: 


Micanite, 2 - - - et 2490 X Io” ohms. 
Micanite Paper, “ - - . 1240XIo!2  «§ 
Micanite Cloth, - - ‘ : 310X102 <« 
Mil-Ammeter. An ammeter indicating thousandths of an 
aimpere. | 


Synonyms—Milliammeter—Milli-amperemeter. 
Mitis Metal. Wrought iron containing aluminum. 
M,. M. F. An abbreviation for magneto-motive force. 


Motor, Constant-Current. A motor designed to be operated 
by a direct current of unvarying amperage. It is usually series 
wound and provided with a governor which varies the field 
magnetism and so controls the speed. It is used on series systems 
of electrical distribution. 


Motor, Constant-Potential. A motor designed to be operated 
by a direct current of constant EK. M. F. It is usually a shunt-wound 
‘motor. It is used on multiple arc systemis of electrical distribution. 

Motor, Pilot. A small motor arranged to actuate the controller 
of alarger motor. By this means but small wires are necessary to 





ae” ee See ; . 
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be run to the points of control, and at these points but a small con- 
troller is used. Pilot motors are used by F. J. Sprague in his 
electric elevators and the multiple-unit traction system. 


Multiplier for Voltmeter. (See Reducteur for Voltmeter.) 


Municipal System. A system devised by Edison in which 
incandescent lamps are connected in series to a dynamo of 1000 
volts K. M. F. It is intended for public lighting in towns and 
villages where the circuits extend over considerable area. 


v. The symbol for reluctivity. 


Oersted. The unit of magnetic reluctance. It is the reluctance 
offered by a centimeter cube of air-pump vacuum between opposed 
surfaces. (Houston and Kennelly.) Its dimensions are LT! 
(velocity) X L, (length) +L? (surface) = T". 

Its symbol is ot, 


Ohm, International. The legal unit of resistance defined by 
the International Congress at Chicago in 1893. It is based upon 
the ohm equal to 10’ units of resistance of the C. G. S. system of 


electro-magnetic units, and is represented by the resistance offered 


to an unvarying electric current by a column of mercury at the 
temperature of melting ice 14.4521 grammes in mass, of a constant 
cross-sectional area, and of the length of 106.3 centimeters. 


Oil Bath. A tank containing oil in which standard resistance 
coils may be immersed in order that they may have an equal and 
readily determinable temperature. 


Oscillator, Hertz’s. An apparatus devised by Hertz for pro- 
ducing electric waves. It consists of two insulated metal plates to 
each of which is attached a metal rod terminating in a knob. The 
two rods are connected to an induction coil and the knobs ap- 
proached until the disruptive discharge passes. The waves radiate 
from the plates into the surrounding ether. (See Resonance, 
Ltlectric.) 

Synonym—Hertz’s Radiator. 


Ozokerite. A mineral substance which, by distillation, yields a 
material closely resembling paraffine, and a pitchy residue which 
is used to saturate the cotton covering of wires. Its specific 
inductive capacity is 2.13 (Hopkinson. ) 

@. Thesymbol for the unit of magnetic flux, the weber, g.v. 

Paint, Heat Indicating. A paint which changes color from 
vermilion to dark brown when its temperature is changed from 


100° F. to 150° F. Itis useful for painting shaft and engine bearings, 
armatures, etc, It retains its properties foran indefinite number 








612 _ STANDARD ELECTRICAL DICTIONARY. 


of heatings. Its composition is said to be :—five parts of red tmer- 
curic oxide and one part vermilion mixed to a paint with oil and 
turpentine. 


Panel Board. A switch board usedata center 
of distribution. It carries safety fuses and knife 
or snap switches for the protection and contro] 
of the branch circuits. In Fig. 374 is shown a 
panel board arranged:to carry fusesonly. _ 


Paper Winder, Automatic. A clockwork 
device for reeling up the paper ribbon as fast as 
delivered from a register, recorder or ticker. 


Pen Carriage. In an electric chronograph, 
the carriage upon which is mounted one or 
P B . more recording pens with their actuating mag- 

Pere nets, (See Chronograph, Electric.) 





Permittance. A word proposed for dielectric capacity, q. v. 


Phase Detector. An instrument to indicate when the currents 
of two alternators are co-phasal, q. v. Itis used when connecting 
alternators in parallel. 


Phonogram. (a) A record produced by a phonograph. 
(6) A dispatch transmitted by telephone. 


_ Phonoplex Telegraphy. A system of telegraphy in which in- 
duction currents from a suitable coil, superposed on the ordinary 
Morse currents, operate a form of telephone receiver. The system 
is used on railway lines to convey through messages between 
terminal stations on a wire also used for way traffic. 


Photo-Chronograph, Polarizing. A chronograph in which 
the record is made on a revolving photographic plate by a beam 
of polarized light. It contains two Nicol prisms which are adjusted 
so as to extinguish a beam of light. Between the prisms isa power- 
ful solenoid in which is a tube with plate glass ends and contain- 
ing bisulphide of carbon. Whenever a current passes through 
the solenoid, the plane of polarization is rotated in the carbon 
bisulphide and light is allowed to pass through to the photographic 
plate. Comparison of this impression with a tuning fork record 
on the same plate give the duration of the recording current. (See 
Magnetic Rotary Polarization.) 


Photo-Fluoroscopy. A method of taking radiographs by 
photographing with aregular camera the image on a fluorescent 
screen. It is on the principle that a prolonged photographic 
exposure will reveal more than is visible to the unassisted eye. 


‘ <4 
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Photometer, Flicker. An instrument in which the light from 
the brighter source is diminished in intensity by passage through 
apettures in a rapidly revolving disc. The amount of light passing 
is independent of the speed of the disc, but may be varied by 
closing gradually the apertures by asecond perforated disc. Suit- 
able means are provided for doing this during rotation of the 
discs. 

Synonym—Napoli’s Photometer. 


Pin. A peg of wood or metal to be fixed into across arm and 
support an insulator. 


Pitch of an Alternator. The distance from the center of a 
north pole-piece to the center of the adjacent south pole-piece. 


Plate Stove, Electric. A form of electric heater consisting of 
a round or square iron plate having resistances applied to its 
under side and suitably protected. . The plate is used like an 
ordinary range top, to place kettles, etc., upon. 


Piug, Attaching. A plug with contacts for connecting a 
flexible conductor into a socket or receptacle. 


Pole, Center. A pole placed between 
the tracks of an electric trolley road, and 
provided with bracket arms to carry a trolley 
wire over each track. They are made to 
carry also feed wires, and sometimes arc or 
incandescent lamps to illuminate the road- 
way. 


Pole, Composite Anchor. A wooden 
pole, stiffened at the top with iron lattice- 
work so as to transmit the pull on the cross- 
arms to the guys without distorting the pole 
top. | 





Pole Indicator. (a.) An instrument for 
determining the positive pole of an electric 
source. It may be a high-resistance pocket 

CaNTER Pote. galvanometer, or a small electrolytic cell 
containing a metallic salt which will change 
in color at one of the poles. 

(6.) A compass used to determine the polarity of a magnet or 
the direction of a current. | 


FIG. 375. 


Pole Top. (a.) The upper portion of a pole with its cross-arms, 
braces, etc. 

(6.) A casting to surmount a trolley line pole and support feed- 
wire insulators and guard and trolley suspension wires. 
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Prefixes of Scientific Units. A series of prefixes, of Greek 


derivation, used to indicate multiples and sub-multiples of 
electrical and other units, as follows: 


; MULTIPLES. 
deka Io ten IO 
hecto Ioo one hundred 10? 
kilo 1,000 Onethousand Io° 
mega .  J,000,000 one million 10° 
_bega 1,000,000,000 one billion 10° 
trega I,000,000,0¢c0,000 one trillion To 
quega I,000,000,000,000,000 one quadrillion 10% 
SUB-MULTIPLES. 
deci O.1 one tenth 10+ 
eenti 0.01 one hundredth 10° 
milli 0.001 one thousandth 10° 
micro 0.00000 one millionth 10° 
bicro O.O00000000I one billionth LO 
tricro 0.000000000001 one trillionth 10%. 


; These are combined with the names of the units, as, hicrohm 
milliampere, kilovolt, etc. Sometimes a consonant is inserted 
for euphony, as_megalerg for megerg. The higher prefixes were 
introduced by Houston and Kennelly. 3 


Pressure Indicator. A form of voltmeter whose pointer is at 
zero when the conductors to which it is connected are at a required 
potential. A movement of the pointer to either side of zero 
indicates a potential greater or less than that desired. 


Pull-Over. An insulator designed to retain a trolley wire in its 
proper place along a curve. 
Synonyms—Pull-off Insulator—Curve Bracket. 


Puncturing of Insulation, An expression denoting the 
piercing of a dielectric by a high potential disruptive discharge. 
Where this is likely to happen oil is often used as an insulation, as 
it forms a dielectric which is self-healing after a discharge. 


Push-Button, Indicating. A push-button containing a small 
electro-magnet with armature. The magnet coil is in series with 
the circuit, so that when the button is pressed the noise produced 
Py the armature being attracted indicates that the current is in 
action. : 


Synonym—Sounder Push. 
Quadmeter. A secohmmeter, q. v. 


Jt. The symbol for the unit of reluctance, the oersted, q. v. 
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Radiator. (a) A form of electric heater for warming a room. 
(See Heater, Electric.) 

(6) An apparatus for producing electric waves. (See App. 
Oscillator, Hertz’s.) 

(c) In a Crookes’ tube, the anticathode from which the X-rays 
emanate. (See App. Rays, Cathodic.) 


Radiegraph. A photograph taken by means of the X-rays. As 
the rays cannot be sensibly refracted no lens is used, the object 
being simply held between the source of the rays and a photo- 
graphic plate. The result is necessarily a shadow picture. 

Synonym—Skiagraph. | | 


Radiography. The art of making photographs by the use of the 
the X-rays. : 


-Radio-micrometer. A thermo-galvanometer which is sensitive 
to exceedingly minute quantities of radiant energy. As arranged 
by C. V. Boys, it consists of a small thermo-electric couple attached 
to a wire loop of small resistance. The couple and loop is sus- 
pended in the field of a D’Arsonval galvanometer so that the loop 
takes the place of the usual coil. It is said to be sensitive to the 
radiations reaching the thermal junction from a candle two miles 
distant. 3 i 


Rake. ‘The inclination given to a pole opposite in direction to 
the strain it is intended to bear. 


Rays, Becquerel. Invisible light rays of an’ extremely ultra- 
violet character; z. é., transverse vibrations in the ether of 
extremely short period and wave-length. They are emitted by 
fuorescent substances after exposure to light. They possess in 
some degree the properties of the X-rays. : 


Rays, Cathodic. The radiant matter proj ected from the cathode 
of an excited Crookes’ tube. 
The principal properties of the cathodic rays are as follows :— 
(a) That they leave the cathode in straight lines independent 
of the position of the anode. | 
(6) That they exhibit themselves only in very high vacua. 
(c) That they produce a luminescence of the rarified gases 
and a fluorescence or phosphorescence of the wall of the 
tube or bulb, or of certain substances contained within the 
tube. 
(dq) That the X-rays emanate from whatever within the 
tube is struck by the rays. 
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(e) That they are deflected from their straight course by a 
magnet exactly as if they were an electric current moving 
along a conductor. : 

(f) That particles of material from the electrodes are 
carried along the line of movement, thus often coating the 
walls of the tube with these particles. ee ee. 

(g) ‘That they may be focused to a point or concentrated by 
giving the cathode itself the form of a concave mirror, or 


cathode. (Morton and Hammer.) 


Rays, X. A peculiar form of radiation discovered and named 
by Rontgen, the precise nature of which is not yet known. The 
effects of the rays are as follows :— 

(2) Passing more or less readily through various substances, 
(lead glass is quite opaque, aluminum transparent. ) 
(6) Producing fluorescence in certain bodies. 
“-(¢c) Producing an actinic effect on photographic plates. 

“— (a) Discharging an insulated, charged conductor. 

(€) Producing severe dermatitis and other peculiar and 
- painful troubles on the skin when exposed too long to the 
rays. 

They are usually produced by a Crookes’ tube, q. v., of suitable 
construction. 


Synonym—Rontgen Rays. : 

Reactance. The component of the impressed EK. M. F., at 
right angles to the current, divided by the current. 

It is expressed in ohms. : 
_ Receptacle. An incandescent lamp socket 
designed to be fastened to a flat surface. 

Synonym—Wall socket. 

Receptacle, Candelabra. A miniature lamp 


receptacle designed to be concealed within a porce- 
lain tube representing a candle. 


Rectifier, Alternating Current. An apparatus 
for obtaining a. pulsating direct current from an 
alternating current. It consists of a synchronous 


which connects directly to line all current waves of 
one direction, and reverses the connection of all 
waves of opposite direction. It is used to operate 





Fic. 376. : 
Cc arc lamps and electrolytic baths. 
ee ay (See Current, Rectified.) 








be otherwise distributed by changing the form of the . 


alternating current motor driving a commutator . 
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Regulating Socket. A lamp socket containing a resistance, 





| 
Fic. 377. REGULATING SOCKETS. 


or a choking coil, the action of which may be controlled by 
a key or knob, so that the brilliancy of the lamp is varied. 


2 Relay, Double Balanced. A combination of two relays on one 
3 base, with their armatures so adjusted that either a very slight 





~ 





Fic. 378. Dovsre BaLancep RELAY. 


increase or decrease in the line current will close the local circuit. 
It is used in burglar alarm systems. 


Relay, Marconi’s. An instrument for receiving messages sent 
by a system of high-frequency electric waves. It consists of a 
small glass tube 4 cm. long, into which two silver electrodes are 


sealed. 


























618 STANDARD ELECTRICAL DICTIONARY. 


These electrodes are about 4% mm. apart, a thin space interven; 
which is filled by a mixture ue fine eeelnd silver flings: aaeen 
with a trace of mercury. The tube is exhausted to a 4mm. vacuum 
It forms part of a circuit containing a cell and a sensitive relay. 
» In its normal condition the metallic powder is virtually an 
insulator, but when electric waves fall upon it the particles cohere 
the resistance drops to, perhaps, 5 ohms, and the signal is received. 
The powder is caused to ‘‘‘decohere”’ by a vibrating hammer 
which strikes the tube. (See Resonance, Electric. In App 
Coherer—Telegraphy, Wireless.) 


_ Reluctivity, The reciprocal of permeability, q.v. Its symbol 
is v. 
Synonym —Reluctancy. 


Reluctivity, Metallic. The reluctivity of a metal alone, in- 
dependent of the reluctivity of the ether which pervades it. 


Resistance Coils, Aging of. A slight increase and subsequent 
decrease in the resistance of German silver coils which takes place 
for about three days after the winding of the coils. Coils may be 
artificially aged by heating them to a temperature of 140° C. (284° F,) 
for five hours in an air bath. 


Resistivity. The resistance of a cubic centimeter of a body, 
measured between opposite faces. 


Synonym—Specific Resistance. 


Resonator, Sounder. A small box, open only at one end, and 
containing asounder. It is placed on an adjustable stand near the 
operator, so that he alone may hear the signals, and that they may 
be distinct from other sounds. 


Retarding Disc. A disc used in Thomson’s electric meter for 
retarding the revolutions of the motor shaft so that the number of 
revolutions is directly proportional to the energy to be measured. 
The disc is of copper, and rotates between the poles of permanent 
magnets, the currents thereby induced in the disc react on the 
magnets and retard the disc. 


Rheostat, Continuous. A rheostat adapted to carry continu- 
ously any current up to a certain limit without change of resistance 
by heating. It is used in measuring current by the fall of potential 
method. 


Rheostat, Enamel. A form of rheostat for dissipating electrical 
energy in which the resistance, in the form of wires or ribbons, is 
held securely upon, but insulated from, a ribbed metal plate which 
acts to radiate the heat produced. 











* tion coil. 
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_ Riser. In the wiring of a building for incandescent lighting ‘a 
riser is a conductor which is run vertically from floor to floor. 
Synonym—Vertical Main. 


Rodding a Conduit. A process preliminary to drawing a cable 
into a subway conduit. It consists in thrusting into the conduit a 
series of rods, connected by a suitable coupling. This is continued 
until the end of the conduit is reached, when a rope is fastened to 
the last rod and drawn through by the rods, which are uncoupled as 
they emerge. ‘The cable is then hauled through by the rope. 


‘Rodding, Pneumatic. A method of introducing a rope or wire 
into a subway conduit. It consists in having a light wooden 
cylinder to which a cord is attached. This cylinder, or dart, as it 
is called, is placed in one end of a conduit; at the other end a 
suction air pump is applied, and by a few strokes draws the dart 
and cord through. (See App. Rodding a Conduit.) 


Rosette, Ceiling. A block 
of insulating material fastened - 
to the ceiling for suspending a 
pendant cord, and containing 
fuses and terminals for connect- 
ing the cord to electric mains. 


Synonym—Ceiling block. 


Rotator, Geissler Tube. A 
pivoted holder enabling a 
ie Geissler tube to be revolved 

Fic. 379. CEILING ROSETTE. while maintaining its connec- 
tions with an induction coil or 

other source. It is usually furnished with a small motor 
which is operated from the same battery which works the induc- 





‘\ 


Rotor. The revolving mass carrying the short-circuited con- 
ductors in a rotatory field induction motor. 


Sealing-in. A process in the manufacture of incandescent 
electric lamps. It consists in passing the filament with its mount 
in through the neck of the bulb and then fusing the bulb neck 
hermetically around the mount. 


Search Light, Electric. An apparatus for producing a pow- 
erful beam of light and projecting it in any desired direction. It 
consists of a focusing arc lamp provided with large carbons so as 
to use a heavy current; the lamp is placed so as to throw the 
greater part of the light on to a lens or, more usually, a special 
reflector which turns the rays into parallelism. The lamp and 
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‘reflector are placed in a suitable lantern a : 
: nd 
trunnions, through which the conductors are proushes| 
Es oy ie directing of the beam of light is done 
versible motors in the pedestal, whi r 
ae distal Buaae. 'p tal, which are controlled by 


Synonym—Projector. 


ted on 


by two 
rheostats 


Secohmmeter. An instrument for measuring the co-efficient 


_ of self-induction and the mutual induction of conductors. 


Section Box. A box containing the switches and fuses for the 


control and protection of a secti i : 
a AG ee ction of electric street railway con- 


Shoe, Electric. A shoe beari | 
9€, Elec ° ng contacts so as to m 
electric circuit when the foot is raised, and to break the tees 


while the foot is on the ground. It is used i i i : 
ments on walking, Rane. ae ed in physiological experj- 





Fic. 380. ComMpRNSATED SHunT Box. 


Shunt Box, Compensated. A galvano 
taining additional resistance coils ee ceaa ae ae Bee Ras 
when the galvanometer is shunted the total resistance of the 
citcuit remains the same as before. In the diagram gs,, s,, s, are 
the shunt coils; 1, r, r; the compensating resistances, q. v. : 


Shunt Box, Universal. A shunt box whi 
equally well with any galyanometer. x which may be used 


Siebrosal. .A salt to take the place of sal-a jac i 
_Sie _sal-ammonia 
circuit cells. It is stated that it does not freeze at oe Fe ba 


_ 
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assumes a gelatinous condition which does not impair the working 
of the cell. 


Signal, Individual. A signaling device used where several 
telephones, for instance, are connected on one circuit. It permits 
of one station calling any one of the others without the call being 
heard at any of the remaining stations. 


Synonym—Selective Signal. 


Sign, Electric. A sign whose letters are formed by placing 
incandescent electric lamps side by side. They are used for adver- 
tising at night. Pretty effects are obtained by various colored 
lamps. 


Sinistrorsal. Left-handed. Applied to the winding of a coil. 


Skew Adjustment of Carbons. A means used in some forms 
of focusing arc lamps to insure the formation of the crater on the 
edge of the positive carbon, so that the most of the light is thrown 
horizontally onto areflector. Itis done by fastening the positive 
carbon out of line with the negative carbon. 


Smashing Point. That point in the life of an incandescent 
lamp at which it is thought to be more economical to replace it by 
a new one than to continue it in use at a continually diminishing 
candle power. The old lamp need not be ‘‘smashed,’’ but may be 
placed where a bright light is not required. 


Source, Electric. Any arrangement or device which will pro- 
duce an H. M. F. : 


Source, Magnetic. Any arrangement of parts capable of pro- 
ducing lines of magnetic force. 


A permanent magnet, lodestone, 
an electro-magnet, or an active 
circuit, may act as a magnetic 
source. (Houston.) 


Splitting the Phase. A method 
used in starting monophase al- 
ternating current motors. 
It consists in superimpos- 
ing upon the alternating 
field an oblique field differ- 
ingin phase. The phase 
of this second field may be 
made to lag by connecting 
an inductive resistance in 
series with its field coil. 





Fic. 381 STAGE Box. 


Stage Box. A box set 
flush into the floor of a theatrical stage and having contacts 
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connected to electric mains, so junta bunch light or other f 

ee eos. Je § t 
device may be readily supplied with current by means of a desis 
cable and a plug which fits the contacts in the box. es 


_ Stand, Rotating, for Galvanometers. A support like a turn 
table sO that a galvanometer placed on it may be readily set in file 
magnetic meridian. By graduating the edge of the rotating part 
in degrees and fixing a pointer to the base, almost any form of 


galvanometer when placed on the stand may be used as a sin 
galvanomieter. ae 


Starting Box. An adjustable rheostat used, in starting a 
motor, to control the current until the counter E. M. F. of the 
motor is of sufficient value to take the place of ‘the resistance, J} 
ds often provided with automatic electro-magnetic devices which 


cut off the current in case of (@) too much current; (6) lack of 
current. 


Stator. The stationary portion of a rotatory field induction 
- motor. It carries the coils which receive the primary current. 


Steam Dynamo. A dynamo driven by direct connection with 
asteam engine. The dynamo may be mounted on the projecting 
crank shaft, or be supported in bearings by an independent shaft 
which is coupled to the engine shaft. 


_ Steno-Telegraphy. An abbreviated code for sending press 
news. The code consists of single letters, double letters and con- 
ache of words which represent arbitrarily, figures, words and 
phrases. : 


Striking Magnet. (a) An electro-magnet used in an are lamp 
to separate the carbons a definite distance, when the current is 
turned on, so as to form or ‘‘strike’’ the arc. 


(6) An electro-magnet used to ring a bell, by having a ham 
attached to its armature. : ee 8 aS 


Strut. A short pole used to support a line-bearing pole at a 
curve by bearing against it in a direction contrary to the strain. 


Stub, Anchor Guy. A short pole set securely in the ground 
to fasten a guy to. ! 


Sub-Station. A generating plantsubsidiary to a central station ; 
and placed so as to supply current to a district at a considerable 
distance from the main station, or to feed into a network of mains 
-at points where the load is greatest. ) 3 
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Sunshine Recorder, Electric. An instrument — 
for closing the circuit of a recording apparatus at 
times when the sun’s rays fallupon it. The form 
shown in Fig. 382 consists of a differential air ther- 
motmeter, the lower bulb coated with lampblack 
and the air in the bulbs being separated by a short 
column of mercury. 


On exposure to solar radiation the air in the 
lower bulb expands the more and forces the mer- 
cury upward where it connects the sealed-in 
electrodes. 3 
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Switch, Automatic. (2) Any switch which 
is not operated directly by a person. 

(6) A form of single pole switch designed to be 
set into a door jamb so that when a door is opened 
a light will be turned on. It is used in clothes 
closets. 

(c) A multi-contact switch operated by an elec- 
tric motor and arranged to make various combin- 
ations of lights in an electric sign or similar 





syeccecns 
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y- device. Bs: 
Fic. 382. - Switch, Automatic Telephone. A switch, the 
ELEcTRIC lever of which is prolonged to form a hook to hang 
SHINS a telephone receiver on. When the receiver is 


hung the call bell is connected in circuit; when 
the receiver is removed from the hook a spring or weight moves 
the switch and connects the telephone and its battery in circuit. 


Switch, Battery. A plugswitch with several 
contacts. It is connected so that any required 
portion of a battery may be connected to a 
circuit. oe 3 


Switch, Canopy. A switch used on an elec- 
tric street railway car to entirely cut off the 
current from the motors and controllers. There 
are two switches used on each car, one under the 
canopy at each end, connected in series between 
the trolley pole and lightning arrester. Thecar 
lamps are connected above the canopy switches. 


Switch, Chandelier. Asmallsnap switch in- 
tended to be fastened within the canopy ofachan- 





Fie. 383. delier and operated by a pull chain from below. 
CHANDELIER 


Switcu. - Switch, Combination. An arrangement of 
two or more different switches on a single base. 
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. 
Switch, Commutation. A double-pole, double throw switch, 
arranged to reverse the connections of a pair of wires. It is used 


in cases where it is desirable to turn on and off a group of lamps» 


from a switch at any one of three or more points without regard 
to the setting of the switches at the other points. : 





Fic. 384. CoMMUTATION SWITCH. 


As shown in Fig. 384 the end switches are three wire (two point) 
switches, the intermediate ones are the commutation switches. 


The circuit is shown closed. The dotted lines 
show the alternative position of the switches, 


When only two switches are desired, the 
three wire ones alone are used. 


Switch, Double Throw. A knife switch 
having two sets of contacts, one on either 
side of the pivot. 


Switch, Electrolier. A snap switch at- 
tached to an electrolier and having contacts 
arranged so that the lights may be turned 
on one by one, and then off in the same way. 


Switch, Flush. A snap switch whose 
entire mechanism is set in flush with the 
(See App. Wall Box.) : 


Switch, Indicating. A snap switch 
showing ifits circuit is made or broken bya 
dial bearing the words ‘‘ON”’ and‘‘ OFF.’’ 


Switch, Intermediate. A switch for 
an intermediate station on a telephone line 
so that the intermediate station may call 
either terminal station, but at other times 
the main wires are left unbroken. 





FiGe 385. 
FLusuH SwiTcu. 


wall or wood-work. 


Switch, Key. A snap switch arranged 
so that it can only be operated by the use 
of a suitable key. | 

Synonym—Lock Switch. 





INDICATING SWITCH, 
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Switch, Pendant Pull. A switch which may be turned on or off 
by successive pulls of a cord pendant connected thereto. 


Switch, Push Button. A small portable switch for from one 
to three lights capacity, operated by buttons, and intended to be 
fastened to the end of a flexible cord. 


Switch, Throw-Over. A double 

_ throw knife switch designed to con- 
necta three wire system in a build- 

ing either to a three wire street 

main or to a single source on the 

two wire system. The wiring for 

this usage must have the neutral 

equal in cross-section to the sum 

of the two outer wires. It may also 

be used as a break-down switch, 


q. Vv. 


Switch, Voltmeter. A switch 
whereby a voltmeter may be con- 
nected to any one of a number of 
circuits. 


Tachometer. Aninstrument which, by a pointer on a dial, indi- 
cates at any moment the revolutions per minute of a revolving body. 
It comprises a small governor whose 
shaft is rotated by the revolving body. 
The centrifugal force of the governor » 
weights is resisted by a helical spring. 
The deflection of the weights operates 
is porter: The dial is graduated by 
trial. : 
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Tailings. Prolongations of the 
characters made by a Morse register in 
a system of automatic telegraphy 
when, at a high rate of speed of 
transmission, the electrostatic capacity of the line gives the signals 
a tendency to run together. 
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Telegram. A telegraphic dispatch. 


Telegraphy, Wireless, A mode of electric communication 
without any metallic connection between the stations. It may be 
accomplished in two different ways: First,—the electro-magnetic 
system ; in this, two parallel circuits are established, each circuit 
becoming successively the primary and secondary of an induction 
system, according to the direction in which signals are being sent. 
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second,—the electric wave system ; in this a suitable radiator sends 
out high-frequency electric waves which act on a suitable relay. 
The first method has operated across five miles, and the second 
across eight miles intervening distance. (See App. Relay 
Marconi’s.) | 


Telephone Cabinet, Soundproof. A form of closet containing 
a telephone set, and large enough to hold a person using the 
instrument, so that his conversation may be secret, and also that he 
will not be disturbed by outside noises. 

Synonyms—Silence Cabinet—Telephone Booth. 


_Terella, A sphere of lodestone, used by Gilbert in magnetic 
experiments. : 


Synonym—Earthkin. 
Test Board. A board provided with switches or spring-jacks 
connected to separate lines, so that testing instruments may be 


readily connected to any particular line. It is used mainly in tele- 
graph and telephone central offices. 


Tester, Cell. A low resistance portable galvanometer or volt- 


meter connected by rubber-covered flexible conductors to two- 


insulated contact points, fastened to a handle in such a way that they 
may be readily touched to the terminals of a storage cell in order 
to estimate the charge. Sometimes a low voltage incandescent 
lamp is used instead of a voltmeter for rough tests. 


Tester, Magnetic. An instrument devised by Prof. J. A. Ewing 
for measuring hysteresis in sheet iron. A bundle of the sheet iron 
to be tested is cut to a standard size, the bundle is then placed in a 
holder and rotated between the poles of a pivoted permanent 
magnet, the deflection of which against gravity determines, by 
reference to a table, the hysteresis. 


Testometer. A device used in connection with a burglar alarm 
system whereby, from the central office, an alarm may be brought 
in from any desired building. It uses automatic signal boxes, q.v., 
which may be set in operation by a current sent from the office. 


Tetrapolar. adj. Having four poles: two north and two south 
poles. 7 


Thermo-Galvanometer. A galvanometer whose needle is 
suspended in a special form of thermo-electric couple. It is used 
to measure small amounts of radiant energy. (See App. Aadzo- 
Micrometer.) 


Time Ball, Electric. A ball dropped from the top of a staff 
prominently placed, in order to indicate some exact moment of 
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_ Meantime. In the United States noon is the time thus indicated, 


and in Great Britain, I p.m. ‘The ball is generally released by an 
electro-magnet whose circuit is closed by a standard clock. 


Time Marker. A light flexible stylus actuated by an electro- 
magnet in circuit with an electro-magnetic tuning fork. It is 
used for recording tuning fork vibrations on a chronograph drum. 


Torch, Electric Gas Lighting. A portable apparatus for pro- 
ducing a spark for gas lighting. An induction coil with dry 
battery, an influence machine, or an electrophorus arranged 
within the handle or body of the machine, is set in operation by 
the pressing of a button. A rod attached to the handle carries a 
gas key turner and the spark terminals. 


Synonym—HElectric Wand. 


Translator. A form oftelephone relay. It consists of aspecial 
induction coil in which the core wires are about three times the 
length of the coil and are bent back at both ends so as to envelop 
the coils. : 


Transmitter, Automatic, An instrument for sending tele- 
graphic messages at a high rate of speed. A suitable clockwork or — 
electric motor draws a perforated paper strip through a set of 
contacts. ‘The perforations in the strip determine the message. 
(See Telegraph, Automatic—FPerforator.) 


Transmitter, Continuity Preserving. A transmitter used in 
Stearns system of duplex telegraphy for changing the connection 
of the line from battery to earth without breaking the circuit. 


Transposition Wires. Short wires used to splice across from 
one line to another where transposition takes place. It is usually 
done at every fourth pole. (See 7ransposing—in App. /nsulator, 
Transposition.) 


Trimming. The renewal of the carbons in an arclamp. ‘The 
work of a lamp trimmer frequently includes cleaning the feed rod 
of the upper carbon with a cloth so as to ensure smooth action of 
the clutch. 

In lamps using upper.and lower carbons of the same size and 
kind, an economy is effected by placing the short upper carbon 
stub in the lower holder to be further consumed, and placing a new 
carbon above. 


Tube, Crookes’, A hermetically sealed glass vessel provided 


with electrodes sealed through the glass, and containing a high 


vacuum. (See Matter, Radiant.) , 
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Tube, Crookes’, Adjustable Vacuum, A 
Crookes’ tube in which the degree of vacuum 


enclosed in an auxiliary bulb, connected by a 
tube to the main bulb. The small bulb is 
arranged over asmall gas or oil burner and the 
vaporization of the chemical regulated by con- 
trolling the burner. 


Tube, Crookes’, Focus. A Crookes’ tube 
in which the cathode stream emanates from a 
-concave electrode and is concentrated upon a 
platinum plate, which may either be the anode 
or be entirely insulated. 


Tube, Crookes’, Self-Regulating. (a.) A 
form of adjustable vacuum tube, q. v., in which 
Fic. 389- the chemical, whose vaporization alters the 
ApjusTasLk Vacuum yacuum, is heated by molecular bombardment 


PEOORES) EoeUs caused by adischarge in shunt to the main tube 





tube some of the discharge crosses an air-gap to the heating bulb 
and causes a lowering of the vacuum. The vacuum may be 

d arying the air-gap. 
ge Se : .) A form of adjustable vacuum 
Eat tube, q. v., in which an electrode is 
sealed in the auxiliary tube contain- 
ing the chemical substance. This 
electrode is connected by a wire or rod 
so placed that its end forms an air-gap 
at the negative terminal of the coil. 
When the vacuum rises in the main 
tube some of the discharge crosses the 
air-gap and decomposes the chemical 
substance in the auxiliary tube, thus 
throwing off minute quantities of vapor 
and lewering the vacuum in the main 
tube. 


Tubulating. The process of attach- 
ing a small glass tube for exhausting 


Fic. 390. th 
nts re ee ere to the top of a blown lamp bu 


Crookes’ TuBE. 





Turbo-Alternator. An alternating 
current dynamo coupled direct to a high-speed steam turbine. 


Turbo-Generator. A generator coupled or geared to a high- 
speed steam turbine, and on the same base with it. 


may be regulated by heating asuitable chemical _ 


spark. When the vacuum rises in the main ~ 
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Vibrator, Independent. The interruptor for an induction coil, 
consisting of an electro-magnet with vibrating armature mounted 
on a base with binding posts for connection. 


Volt-Ammeter, An electric measuring instrument wound 
with two coils, of high and low resistance respectively, so that it 
may be used either as a voltmeter or an ammeter. By the simul- 
taneous use of both coils it becomes a wattmeter. ; 


Voltance. A name proposed by J. T. Sprague for ‘‘ that energy 
which is convertible into electric energy, and which produces that 
stress, action, or pressure, which we measure in volts and call 
voltage.” : 7 


Volt, International. The legal unit of electromotive force 
defined by the International Congress at Chicago in 1893. It is 
See the electromotive force which, steadily ap- 
plied to a conductor whose resistance is one 
international ohm, will produce a current of 
one international ampere, and which is rep- 
resented sufficiently well for practical use by 
its¢ Of the electromotive force between the 
poles or electrodes of the voltaic cell known 
as Clark’s cell, at a temperature of 15° C. 
(59° F.), and prepared according to certain 
specifications. 


Voltmeter, Multicellular. An electro- 
static voltmeter with a plurality of quadrants 
and vanes, the vanes being all mounted on a 
single axis. ‘The large area of the attracting 
surfaces increases the sensibility of the in- 
strument. They are furnished to indicate a 
potential difference as low as 40 volts. 


Volt Selector. An instrument used 
principally in electro-therapeutics for regu- 
lating currents for cataphoresis. It ison the 
principle of the potentiometer, and in the best forms the E. M. F. 
e gradually increased from zero to any 
desired amount with perfect smooth- 
ness. 






























































MuLTICELLULAR 
VOLTMETER, 


Wall Box. An iron or steel box de- 
signed to be built into a wall or partition. 
Itis open in front to receive a flush switch, 
q- v., ora plug receptacle. Holesin the 
sides of the box admit the ends of interior 
conduits and their wires. 
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Watch, Non-Magnetic. A watch in which the hair-spring, 
lever and scape-wheel are made of diamagnetic materials. (See 
Paillard Alloys.) vo 


Synonym—Anti-Magnetic Watch. 


Weber. The practical unit of magnetic flux. It has the value 
of one absolute unit or line. The symbol is @. The defining 
equation is P=F—R, 7. é., webers—gilberts —— oersteds. The 
dimensions equal the square root of the product of force and 
surface, or, 


YMLT? X= V MIST2=MIL TO. 


Winder, Magnet, A device for rotating magnet cores, bobbins, 
etc., in order that they may be conveniently filled with wire. A 
revolution counter is often attached so that the number of turns on 
each bobbin may be known. | 


Winding Volume, The cubic contents of the annular winding 
space of a spool or bobbin. It is used in calculating the resistance 
of magnet coils. If V equals the winding volume in cubic centi- 
meters, N equals the ohms in a cubic centimeter of the wire 
selected, and R is the required resistance; then R=VXN. 


Wire, Annunciator. Wire used for interior wiring of bell and 
annunciator circuits, etc. It is insulated with two oppositely laid 
wraps of cotton saturated with paraffine. The outer covering is 
made in solid colors or a combination of two colors. 


Wire, Bimetallic. A wire composed of two metals. Itis made 
with a steel core and a sheathing of copper, thus combining 
strength and conductivity. It is said to be desirable for long dis- 
tant telephone lines. 


Synonym—Composite Wire. 


Wire, Fuse. A soft, readily fusible wire used in cut-outs of 
various kinds. It is made in different sizes, and rated according to 
the largest current it will safely carry. The relation, determined 
by Preece, between the diameter of the wire and the fusing current 
is expressed by the equation I = ad */,, in which I = current in 
amperes, d—diameter in centimeters, and a—a constant, which for 
a few metals, is here given :— : 

Copper, - - = £2520 - 7 Lin; - - - 405.5 
Aluminum, - - 1873 Alloy (Tin 1, Lead 2,) 325.5 
German Silver, - 1292 Lead, - - - 340.6 





ce 
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Commercial fuse wire is sold by the pound. The followin 
table shows its size and rating. | 


Rated Fusing B. & S. Rated Fusing B. & S. 
Capacity. Current. No. Capacity. Current. No. 
I 173 30 40 54.10 10 
2 4.89 24 50 63.11 9 
ee 8.99 20 60 81.08 8 
7 Ts 32 19 70 90.61 7 
10 13.84 18 80 100.5 6% 
15 19.34 16 90 110.7 6 
20 25.42 14. _ Ioo 132.1 5 
25 32.04 . 13 125 154-7 4 
30 39.14 12 (Abbott.) 


Wire Gauge, American, The wire 
gauge which is in standard use in the 
United States for electrical wires. Its 
gauge numbers range from.ooco=.46 inch 
diameter to 40o=.00314 inch diameter 
It is abbreviated A. W. G. 


Synonyms—Brown and Sharpe Gauge 
—B. & S. G. / 


Wire Gauge, Birmingham. The 
gauge which is in common use in 
Fic. 393- England for electrical wires. Its gauge 
AMERICAN WIRE GAUGE. numbers range from oooo=.454 inch 
diameter to 36.004 inch diameter. It is abbreviated B. W. G. 


Wire Gauge, Edison. A gauge which is in use for sizing 
large conductors. The gauge numbers are proportional to, and 
represent the cross-sectional areas. The numbers give the thou- 
sands of circular mils; thus, No. 20 is a wire of 20,000 circular 
mils, No. 190 is of 190,000 circular mils; so that-a number of twice 
the value of another gives a wire of double the capacity, etc. The 
numbers run by intervals from 3 to 360. It is abbreviated E. 5. G. 


“Wire, Office. Wire intended for use in a telegraph office to 
connect the instruments and switch-board. Itis usually made with 
a wind and a braid of cotton saturated with paraffine. It is some- 
times required with a double or triple cotton braiding. 


Wires, Running Guard. Wires placed parallel to and above 
the trolley wires. Their function is to receive any falling over- 
head wires and prevent their contact with the trolley wire. 





Wires, Span. Wires used to suspend trolley wires. They cross 
the roadway and have insulated clamps to hold the trolley wires. 


the ends they are supported by side poles. 
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@ ¥ 

Wires, Span Guard. Wires placed parallel to and above the span 

wires, q. v. They prevent overhead wires from falling on the 
trolley wires. | ee 


Wire, ‘‘Superior.’’ A wire of a high resistance alloy. It is 
used for starting boxes, arc lamp rheostats, etc. 
Its specific gravity is 8.4. 
Specific resistance at 20°C. (68°F. ) 86 microhms. 
Resistance per mil-foot at 20° C. (68° F.) 517.5 ohms. 
Approximate percentage increase of resistance per 1°C. (1.8° F.) 
at about 20° C. (68° F.), 0.065 per cent. 


Wire, Tie. A short piece of wire used to secure a conductor to 
an insulator. 


Zero Instrument. An instrument in which the value of the 
quantity being measured is shown by the arrangement of the 
essential parts of the instrument when an indicator connected 
with the instrument points to zero. Wheatstone’s Bridge and the 
potentiometer are instruments of this class. (See Vull Method.) 
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Agglomerate Leclanché Battery, 
Agir Motor ° . . . 
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Air Pump, Heated iat ° 
Air Pump, Mercurial pecan 
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Dynamo, . ° 
Alternating Current Meter, 
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Alternating Field, . 5 - 202 


Alternative Current, é 5 : 
Alternative Path, < 
Alternatives, Voltaic ™ ss ° 
Alternator, 

Alternator, Constant. Current 
Alternator, Dead Point ofan. 
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Aluminum Battery, ° ° ° ° 
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Breaking Weight, 
Break, Loop : 

Break Shock, 

Breath Figures, Electric 
Breeze, Electric 

Breeze, Static 


Breguet Unit of Resistance, 


Bridge, ; 

Bridge, Box 

Bridge, Inductance . 
Bridge, Induction 
Bridge Key, , : 
Bridge, Magnetic . 
Bridge, Meter 
Bridge, Resistance 
Bridge, Reversible 
Bridge, Slide . : 
Bridge, Wheatstone . 


Bridge, Wheatstone, Commercial 36 


British Association Bridge, : 


Britannia Joint, 
Broadside Method, 
Broken Circuit, 
Bronzing, 

Brush, 

Brush, ‘Carbon . : 
Brush, Collecting . 
Brush, Discharge . 
Brushes, Adjustment of 
Brushes, Lead of 


Brushes, Negative Lead 0 of . 


Brushes, Scratch 
Brush, Faradic 
Brush Holders, . 
Brush, Pilot . 
Brush, Rotating : 
Brush, Third . ; 
Brush’ Trimmer, é 
Brush, Wire Gauge 
Buckling, : 


ug, : : 

Bug Trap, . 

Bunched Cables. 

Bunsen Battery, 
Bunsen Disc, . 
Bunsen’s Photometer 
Buoy, Electric . 
Burglar Alarm, 

Burner, Electric Gas 
Burning, 

‘Bus Bar, 

Bus Rod, 

Bus Wire, . ; ; : 
Butt Joint, . ; ; 
Button, Call 

Button, Press 

Button, Push 

Buzzer, 

B. W. G., 


Cc, ° : : ‘ 
CAC ee or ete 





INDEX. 
Page. 

89 | Cable, oe Oe 
332 Cable, Aerial . ; ; A Se Oh 
482 Cable, Armature of : ; : Beas!) 

89 Cable, seenoe Olea. . : 50 

89 Cable B OX, : 6 ; . 95 
493 Cable, Bunched . ; ; . 95 
463 Cable, Capacity of . : Poh ste $b! )5) 

89 Cable’ Clip, : : : A 97 

89 Cable Core, , : ; ; - 96 
293 Cable, Duplex : “ ; : 96 
293 Cable, Flat : : 3 ; = 196 
313 Cablegram, 5 2 : See 96 
338 | Cable Grip, : ; : : ~ 96 
378 Cable Hanger, : : : A 96 
OTT Cable Hanger Tongs, . Bey 
472 Cable, Suspension ee of, ; 97 
374 | Cable Tank : Z ; its. 
575 | Cadmium Battery, ‘ ; . 60 

Calamine, . : ; ° Apaet (6 

89 Cal Electricity, - E ; #579208 
309 Calibration, é 2 : Reel ( 

89 Calibration, Absolute . eae 97 
125 Calibration, Invariable . : Ses 

89 Calibration, Relative ‘ : 98 

90°: Call Bellsx=. ; . 78-79-98 
90 Call Bell; Extension. ; . 248 
90 Call Bell, vise pele 6 ; : . 361 

sea ksy¢ Call Button, ; : ; 7 98 

90 Call, Thermo . : : . 580 
90 Call; Thermo-electric . ; of Son 
324 Callan Battery . é - : i) 
476 Calling Drop, : ; : 6 98 
251 Calorie or Calory, . F 3 2198 
91 Calorimeter, . ; 4 ; 98 
91 Calorimetric Photometer, é . 412 
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Caustry, Galvano F ; 109 | Chemical Equivalent, Thermo- . 245 
Cautery Battery, 61 | Chemistry, ‘ . 118 
Cautery, Electric . 109 Chemistry, Electro- . eee . 209 
Cautery, Galvano . . . 109 | Cheval, Forcede . ears - 260 
Cautery, Galvano- electric ; 109 Chicle, : . 5 5 . 56 
Cautery, Galvano-thermal 109 Chimes, Electric . oa ES 
Cell, Battery, Element ot a. 237 | Chloric Acid Battery, coieetne . 61 
Cell, Constant ; 109 | Chloride, Ferric, Battery . Rar = (ap 
Cell, Electrolytic 109 Chloride, Lead, Battery Fees Se . 66 
Cell, Porous ete 497 | Chloride of Lime Battery : - 61 
Cell, Selenium : ; 478 | Chlorimeter, . : ate cael G) 
Cell, Standard Voltaic _. 109 | Choking Coil, : aS le los 
Cell, Standard Voltaic, Daniells’. 109 Ghronogre py, Electrics wae 118 
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Chromic Acid Battery, . 


Chromic Acid Battery Solutions, 


Chromoscope, 
Chutaux’s Solution, 
Cipher Code, ; 
Circle, Azimuth 
Circle, Delezenne’s 


Circle, Galvanic or Voltaic 


Circle, Magic . ; A 
Circuit, ; 5: : 
Circuit, Astatic ;. ; 
Circuit, Branch 

Circuit Breaker, 


Circuit Breaker, Automatic — 


Circuit Breaker, File 
Circuit Breaker, Mercury 


Circuit Breaker, Pendulum 
Circuit Breaker, Tuning-fork . 


Circuit, Broken  . 
Circuit. Changing Switch, 
Circuit, Closed, Battery 
Circuit, Derivative 
Circuit, Derived 
Circuit, Electrostatic 
Circuit, Electric, Active 
Circuit, External 
Circuit, Grounded 
Circuit, Incomplete . 
Circuit’ Indicator, 


Circuit Induction, Open . 


Circuit, Leg of 
Circuit, Local 
Circuit, Loop . 
Circuit, Loop Break . 
Circuit, Magnetic . 


Circuit, Magnetic Double 


Circuit, Main . : 
Circuit, Main Battery 
Circuit, Metallic . 
Circuit, Negative Side of 
Circuit, Open 


Circuit, Positive Side of g 


Circuit, Recoil 
Circuit, Return . 5 
Circuits, Forked 
Circuit, Short 
Circuit, Shunt 
Circuit, Simple . : 
Circuits, Parallel 
Circuit, Voltaic i 


Circuit’ Working, Short ee 


Circular Bell, 
Circular Current, s 
Circular, Mil 


Circular Units, Sere: 


Circumflux, 5 6 
Clamp, 

Clark’s Compound, : 
Cleansing, Fire . . 
Clearance Space, 

Cleat, Crossing 


Cleats, 6 ‘ ° : 
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61 | Cleavage, Piecnee nos by é toe 
73 Clip, Ca ble cee «97 
119 | Clock, Annunciator diy ca eeeeas 
. 119 Clock, Controlled jo ai om 
180 Clock, Controlling , . 127 
54 | Clock, Electric Annunciator . - 127 
133 Clock, ‘Electrolytic é e - 128 
119 Clock, Master . : - - 127 
119 Clock, Secondary . Bees Oy 
. 120 Clock, Self-winding, Electric ; . 128 
120 | Clockwork Feed, . E18 
. 121 Cloisons, . Se ea - 128 
121 Closed Circuit Battery, : ; 61 
. 121 Closed Coil Armature, : ; . 48 
121 Closure, . 108 
. 121 Closure Contraction, Kathodic 312 
121 Cloth, Carbonized . : . 107 
sphel Club-foot Electro-magnet, : ee OHI 
125 | Clutch, : : . 128 
. 500 Clutch, Electro-magnetic ; 128 
61 Coatings of a Condenser, or Prime 
. 128 Conductor, . A : «* 129 
123 Cockburn Fuse, a 5 ; . 263 
. 123 | Code, Cipher 5 : ; ; - 130 
123 Code, S SgINES ; : : - 486 
. 123 Code, T elegraphic $ ‘ 130.511 
123 Coefficient, 130 
- 125 Coefficient, Apparent, of Magnetic 
298 Induction ; i 846 
. 3803 Coefficient, Economic i 130- 204-205 
825 Coefficient of Electrical Energy, 205 
. 881 | Coefficient of Expansion, ; 247 
125 Costncient of Induced Magnetiza- 
. 125 on,’ 359-354 
3840 | C ouincient of Magnetic “Induc- 
. 340 tion, . 846-349 
125 Coefficient of Mutual Induction, 301 
. 125 Coefficient of Self-induction, . . 298 
125 Coercitive Force, . ; aa oA 
125 | Coercive Force, : . 471 
125 | Coercive or Coercitive Force, Spiele! 
. 125 Coiland Plunger, . ; : - 131 
125 Coil and Coil Plunger, . wrelol 
. 125 | Coiland Plunger, Differential . 132 
126 Coil, Armature  . . ; 43 
. 482 Coil; Choking . 4 ; ‘ qoe 
123-126 Coil, Hatthe--<. ; ; j et aloo 
. 126 Coil, Electric . ; ‘ F - 183 
123-126 | Coil, Ex DICLIDg ; : 3 . 3850 
- 126 | Coil, F 5 $ 5 ; : . 183 
482 Coil, Taduchiga s : Fie £38} 
79 | Coil, Induction, Inverted é . 136 
160 Coil, Induction, Felephone Fra GY 
. 879 Coil, Kicking . ; - 132 
126-555 | Coil, Magnet . : ; 3 2a 336 
- 126 Coil, Magnetizing 5 5 : Palsy 
126 Coil, Reaction : : - ciaeeoe 
. 126 Coil, Resistance A ; 1S 
257 Coil, Resistance, Standard . - 464 
. 489 | Coil, Rhumkorff A : : - 138 
127 Coil, Ribbon . ° : : - 138 
127. Coils, Bisected . : ees . 132 





INDEX. 641 


Coils, Compensating . ° « 188 
Coils, Sectioned ; ere - 138 
Goilss Henrys 6 2s. < s0 ts «188 
Coils, Idle . 6 “ 5 « 295 
Coil, Single, Dynamo ie eet aie eo 
Coil, Spark : 
Coil; Sucking@sescs Nr ere es ABB 
Collecting Brush, ae ire - eee) 
Collecting Ring, . . . «139 
Collector, if Spo Cea te Repeat O°) 


Colombin, ° e e ° ° ° 139 % 


Colophony, - 460 
Colors of Secondary Plates, 6 - 478 
Column Battery, . ; : 61 
Columns Electric. ©. : “ . 139 
Comb, See wate 140 


Combined Resistance, Sette . 464 
Comb Protector, . . «  . 43% 
Commercial Efficiency, . - 204 
Commercial Efficiency of Dynamo, 195 
Commercial Wheatstone Bridge, 6 


Common Reservoir, . ° ° 


Communicator, . ° - 140 
Commutation, Diameter of . 5 2482 
Commutator, ; ; - 140 
Commutator Ammeter, 5 3 26 


Commutator Bars, . - 140-56 
Commutator, Flatsin . ; 3140 
Commutator, High Barsof . - 289 
Commutator, Neutral Line of . 3890 
Commutator, Neutral Point of . 390 
Commutator of Current Generators 
and Motors, : : 8 3 
Commutators, Barsof . 5 3 56 
Commutator Segments, Sees . 56 
Commutator, Split Ring . . 141 
Commuted Current, . A 23 'es OO 


Commuter, . 5 . 140 
Commuting Transformer, sere ad: 
Compass, 4 ser 


Compass, Azimuth... ote M41 
Compass, Boxing the . A She t00 
Compass Card, . : - 142 
Compass, Declination . A ~ 142 
Compass, Inclination A ° . 142 
Compass, Mariners’ . * - 142 
Compass, Pointsof the . ‘ . 148 
Compass, Spirit . . HSeeeey eed © &) 


Compass, Surveyors’ ; . . 148 
Compass, Variation of the . 32-558 
Compensating Coils, ‘ 7 - 188 


Compensating Magnet, Be ee FeeeeOO 
Compensating Poles, rhe os 6 406 


Compensating Resistance, ..-. 144 
Complementary Distribution, - 144 
Complete Alternation, . : ° 23 
Component, e 144 


Components of Earth’s Magnetism, 356 
Composition of Forces, . .  . 260 
Compound Arc, . 5 ° - 39 
Compound, Binary . ce rar go | 
Compound, Chatterton’ s- ee 216 


Compound; Clark’s:. 3-33: 126 
Compound Dynamo, . Pama eerie tee 3) 
Compounding, Over- A : . 399 


Compound Magnet, . 336 

Compound or Compound Wound 
Motor, s . 

Compound Winding, 5 - 578 


Concentration of Ores, Magnetic 340 
Concentrator, Magnetic 5 5 - 340 
Concentric Candle, : ; ‘ 99 
Concentric Carbon, . ; : - 107 
Condenser, . Pema C 
Condenser, Coatings of a, or Prime 
Conductor : . 3 « 129 
Condenser, Epinus’. . 4 2 242 
Condenser, Plate .  . : SEALY, 
Condenser, Sliding hee : . 144 
Condenser, Varley S71 - 559 
Condensing Electroscope, : e 200 


Conductance, < ‘ . 144 
Conductance, Magnetic ° - . 340 
Conduction, . engi erce re © 3 


Conduction, Electrolytic © e ald 
Conductive Discharge, 6k eee SE 


Conductivity, . : -  « 144 
Conductivity, Magnetic -  . 840 
Conductivity, Specific . : - 145 
Conductivity, Unit of . 3 - 145 
Conductivity, Variable . 5 - 145 
Conductor, f ° . 145 


Conductor, Anti-induction . - 145 
Conductor, Branch 87 
Conductor, Capacity of a Telegraph 103 
Conductor, Conical : . 145 
Conductor, Imbricated . ‘ - 146 
Conductor, Interpolar . A - 9307 
Conductor, Leakage sigs ha teehee 
Conductor, Prime anetae 146-434 
Conductors, Equivalent . eae 
Conductors, Lamination of Arma- 
ture, . : . - 319 
Conductors, Service... - 481 
Conductor, Underground : - 552 
Congress Ohm, on eve ° - 395 
Congress: Volt, =<. 29. 4 oe 157 5-068 
Conical Conductor, ‘ ° e 145 
Conjugate, . eer ° - 146 
Connect, . ‘ ; . - 146 
Connection, Grosss (Gea - 158 
Connection, Relay Sieraae - 457 


Connector, eras . e 146 
Consequent Points, shi hie te creueeane 
Consequent Poles, .. .« - 146-478 
Conservation of Electricity, - 146 
Conservation of Energy, © =e 200 
Constant Current, ° o 7 akOO, 


Constant Current "alternator, ; A 

Constant Current Regulation, . 454 
Constant, Dielectric. . : . 183 
Constant, Galvanometer  . - 268 
Constant. Potential, . * 429 
Constant Potential Regulation, » 455 
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Page. Page. Page. Page. 
Constant, Time a 2 ead eee bale 1 Core, Magnet ©... o esliin, ey 700 ee wroee Cup, Porous . «© e « 159-426 Currents, Angular 6165, 
Contact Breaker, ; ; _ > 991-146 | Core Ratio, «= + «+. Slot s@urrent, ise. se et .  « 159 | Currents, Angular, Laws of . |. 165 
Contact, Electric . PSUS AAS | Core; Ribbon 9.25. Te aes Naat ts |,7.) ae - Current, After... + : 2159°.\- Currents, Barth 2. sere 6 00 
Contact Electricity, . 5 mcea 6 Core, Ring A “ ° -° 155 ; Current, Alternating . 159 | Current, Secondary . ° ° - 166 
Contact Faults, esses . 147 | Cores, Krizik’ Be eer (Le srols . Current, Alternating System ’ . » 28 | -Current, Secretion here kite lOO 
Contact Key, Double “.50 =. 1. 314 ale Core: "Stranded «155 | ag Current, Alternative .  . . 563 Currents, Eddy g peeps) (ib3 
Contact Key, Sliding ; i . 316 Core, Tangentially "Laminated  . 155 J Current Arc, Alternating ; . 23 | Currents, Eddy Displacement Fane) (oh 
Contact Lamp, ~.° :» ~ 820 | Core "Transformer, Peer ae ain Sos a bats), y Current, Atomic . fit ees SAGO Currents in Parallel Circuits, Inde- 
Contact, Line of - : . 830 | Core, Tubular . ‘ ‘ - e 155 Current, Break Induced E 5 - 162 pendence of . ; 5 Seok: 
Contact Point, . 147 | Corpusants, . (hice eee OD | Current, Charge . - «+ = 160..\--Current, Sinuous::. .<-. 2). 462800 
Contact Potential Difference, 147 |. Corresponding Points, F ou AR2 Current, Circular : : Z 160 Current, Sheet . ‘ A eee SE GG 
Contact Ring, ‘ : A ~ 408 Coulomb, 155 . : Current, Commuted éj 2 . 160 Current, Shuttle 5 3 4 . 483 
Contact Spring, sen iets : - 148 Coulomb's Law of Electrostatic At- E Current, Constant 5 ' . 160 | Currents, Local . . x 222163 
Contact Series, ; F 5 axe ea YG traction and Repulsion, . 155 . Current, Continuous : - 161 Currents, Local “ ; 5 . 331 
Contact Theory, : 3 . 148 | Coulomb’s Law of Magnetic ‘Attrac- Current, Continuous, Transformer 384 | Currents, Multiphase . : sc. 166 
Continuity, Magnetic .  . . 3840 tion and Repulsion, dt FOO } Current, Critical . 161 | Currents, Natural . . . 166-389 
Continuous Alternating Transformer, Coulomb’s Torsion Balance, . . 544 Daniell Daniell Currents, Nerve . ‘ 5 - 3890 
547 Coulomb, Volt-  . ; ; - 568 e Current, -———- 13s -—— 161 Currents of Motion, . ; “4 - 167% 
Continuous Current, . ..  ~- 161 | Counter, ‘Electric. . 156 | US vor Siemens’ Unit... |° Currents of Rest, =. >. 16? 
Continuous Current Transformer, Counter Electro-motive Force, 156-228 ‘ Current, Demarcation . : . 161 Currents, Orders of . $ : SAG ie 
384-547 Counter-electro- motive Force eee Current "Density, : - ; Ol Currents, Parasitical ; é - 163 a 
Contraction, Anodic Closure, . . 36 ning Arrester, . ‘ ~ 3829 Current, Derived . ‘ 5 . 164 | Currents, Polyphase j A 216% 
Contraction, Anodic Duration . 36 Counter Inductive Effect, : - 204 Current, Diacritical . ~~ 61 Currents, Rotatory 5 A ol GE 
_ Contraction, Anodic Opening, OA) Couple, . - : : pee en b5\i) Current, Diaphragm 5 2 ol6L Currents, Thermo-electric 6 . 167 
Contraction, Kathodic Closure . 3812 | Couple, Astatic. .« : ‘ be | Current, Direct. : . 162 | Current Streamlets, . . .- 495 
‘Contraction, Kathodic Durevion. . 812 | Couple, Axial 5 ; 3 «644 - Current, Direct Induced . ; 162 | Current, Swelling . . ; s 167 
Contractures, ‘ 5 etal ts) Couple, Magnetic . : 3 . 341 Current, Direction of . ‘ us CEOS, Current, Tailing . . 2 Se OL 
Contraplex Working. .. .  - 980 Couple, Moment of : : . 544 q Current, Displacement . 6 PaO ol hid Current, Undulatory . ; . 167 
Control, Electro-magnetic . e218 Couple, Thermo-electric . ‘ - Doe Current, Extra 5 2 2 sin Oe Current, Unit ‘ ‘. 5 Pee oy/ 
Control, Gravity : ; H . 281 Couple, Voltaic or Galvanic «12156 | Current, Faradic_ . 5 - 162 Current, Wattless .. . ° - 168 
Controlled Clock, . : 6 pes te Coupling, . A : : - 259 | ae Current, Field of Force of a Se QOOL Curves Arrival A ; : Re als) 
Controlling Clock, . és ; . 127 | Coupling.of Dynamo, : eel Be Current, Foucault . ; é . 168 Curve, Characteristic . 113-168 
Controlling Field, ° A A 5 148 COURS. ; . : ° - 157 | Current, Franklinic .. ° . 163 | Curve, Characteristic, of Converter 169 
Controlling Force, . A ‘5 - 148 Crater, . ; 5 6 Asians yg | Current Generator, . 5 A 277 | Curve, Charging . . ‘ - 170 
Controlling Magnet, . . 185-886 | Creep, Diffusion : 5 fe edd Current, Induced . seie 2 ors 168-4) Curve Discharging. ©.) Sse 0, 
Control, Magnetic . C 3 . 841 Creeping, ; 5 3 o- 715% t Current Induction, - . 168. Curve, Elastic . 5 5 - 206 
Control, Spring . 5 6 - 492 Creeping, Magnetic 5 ; . 341 Current Induction, Unipolar Pat 1333) Curve, Electro-motive Force 3, 140 
Convection, Electric : . 149 Creeping of eeu : . 3856 Current Intensity, . : . 163 | Curve, External Characteristic . 171 
Convection, Electrolytic . 149-214 Crith, ; , 5 Ba baye 3 Current, Inverse Induced 2 - 163 Curve, Harmonic . R ; 174-485 
Convection of Heat, Electric . - 149 Critical Current, : = 1618 Current, Jacobi’s Unit of - «163 | Curve, Horse Power : ‘ . 171 
Convective Discharge, : ps Paget Critical Distance of “Alternative = Current, Joint Ses 4 . 163 Curve, Tsochasmen 2 : tele 
Conversion, Efficiency of ¢iiate 200 Path, rte eek OU : Current, Linear Pisces ay. ea Curve, Life ee een Wu aes SosL eh 
Converter, . ° ° ‘ . 149 | Critical Resistance, ; 3 4 . 464 ; Current, Make and Break . 164-367 | Curve, Load . : A See ae) 
Cooling Box, . Se patel ol Critical Speed, . , SEL G: Current, Make Induced . eee 16301 Curves Magnetization - 172 
Co-ordinates, Origin of i . 3897 Critical Value, Villari’ see 3 - 561 Current "Meter, 164-875 | Curve of Distribution of Potential 
Co-ordinates, SS of ... ° 150 | Crookes’ Dark Space, . . . 489 | Current Meter, Alternating | - '. 338 in-Armaturesise © <2 ce eee 
Copper, . Ee he es age cet OL tle CROSS,16 Settle - 157 Current, Negative ° . 164 | Curveof Dynamo, ; 173 
Gappee Bath, . Bees se oe as Gross-connecting Board, : reer LG Current, Nerveand Muscle .  . 164 | Curve of Saturation of Magnetic 
Copper Stripping Bath, : . 152 | Cross Connection, . ; ° - 158 Current, Opposed : : . 164 Circuit, : eis 174 
Copper Voltameter, . : - 563 Cross Induction, . = 3 . 298 : Current, Partial ; a 6 . 164 Curve of Sines, . : ' 173-485 
Cord Adjuster, 3 7 5 . 152 | Crossing Cleat, . ° ; : SAT Current, Polarizing . 5 . 164+} Curve of Torque, Bae! 
Cord, Flexible . ‘ . : . 152 | Crossing Wires, . 3 . 158 Current, Positive . ‘ . 164 | Curve, Permeability Temperature 174 
Cord, Pendant .  . «~~ «6405 «| :«~%Cross-magnetizing Effect, . 158-298 Current, Power of Periodic . 433 | Curve, Sine. Beet 32742485 
Core, 20 Pia . » 152 | Cross-over Block, ; ; piesa seas bts, Current, Pulsatory .. > » 164- | Curve, Sinusoidal’... 23° >. 1'74-485 
Core, Armature. 4 ; <o=43' | “Cross, Peltier's < ° 5 i - 405 Current, Rectified 2 0 . 164 Curves, Magnetic .- . ° - 841 
Core, Cable 2 A Secs 9G. |): Crosse baliyic vo ace : A e255 Current, Rectilinear ‘ : se165) 2|; Cut In, é ‘5 Sead taee ae -  1%4 
Cored Carbon, x ‘ ; . 107 Crucible, Electric . 5 é . 158 Current, Redressed A oo 10D ‘Gut-Out,:::% ; A . 174 
Core-discs, tee sie “ara ley Crystallization, Electric iperescahee 3 bie) Current Regulation, Constant . 454 | Cut Out, Automatic... -175-4%5 
Core-discs, Perforated . A . 154 | Cube, Faraday’s 3 BETTS - 249 Current, Reverse Induced . o- 7163. Cut Out, Magnetic . . ; e 175 


Current ’Reverser, ° 5 ° S169) Cut Out, Plug eos ie : oa 
Currents, Ampere erent 5 3500 Cut Out, Safety hse eiacnare Sat 
Currents, Ampérian Fe cers a Sls pa ak S318 Out, Spring Jack ~ «2 . 493 


Core-discs, Pierced . ; . ~« 152 | Culture, Electro- . 5 S Seger Ale) 
Core-discs, Toothed _. . 154 | Cunynghame’s Ammeter, A e 26 
Gore,Laminated . . ~ © 154 Cup, Mercury Mer eee aR as Jf | 
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Cut Outs, Time Pa eitn oe Beal 
Cut Out, ‘Wedge é Aph t 
Cutting of Lines of Force, .. .1%5 
Cycle of Alternation, . é Ame Gs) 
Cycle of Magnetization,. .  . 360 
Cylinder, Armature 5 65 48 
Cylinder, Electric Machine 5 . 333 
Cylindrical Armature, . - ea 45 
Cystoscopy, Sts : ; - 175 
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Damper, . ° 5 ° ; - 176 
Damping, . : REY AN) 
Damping Magne . 3386 
Daniell’s Seniied Voltaic Cell, 109 
Dark Space, Faraday’s . A » 249 
D’Arsonval’s eae. 3 - : 62 
Dash-pot, . ° : : 
Dead Beat; . : : 38-176 
Dead Beat Discharge, a oy . 187 
Dead Earth, . 
Dead Point of an Alternator, : aolewe 


Dead Turns, . pei ME 
Dead Turns of a Dynamo, : . 551 
Dead Wire, . 3 j eiohc) Wie 


Death, Electrical : : 6 eats 
Debrun Candle, . é ; . 99 


Decalescence, . 3 : ra ih 
Decay of Magnetism, 5 ; . 356 
Deci, Aiea se LAS, 


Decimal Candle, : 4 3 62 399 
Declination, Angleof . - 382-177 
Declination Compass, . 5 . 14 
Declination, Magnetic . . ‘- 842 
Declination "Map, “ 309 
Declination of the Magnetic N eedle, 178 
Decomposition, 178 
Decomposition, Electrolytic’ : es) 
Decrementyyi se ese oh ve Bees! We, 
De-energize, : : Segre . 178 
Deflagration, . 6 : of LTS 
Deflagrator, Hare’s . 6 : - %3 
Deflecting Field, . < 5 Seas 
Deflection, . 5 : ‘ . 178 
Deflection Method, : ‘ Fe sed ifs) 
Deflection of Magnet, ; : . 837 
Degeneration, Reaction of . ne ya!) 
Degradation of Energy, . : . 239 


Deka, oa 9 
Dela Rive’ S Floating Battery, . 179 
De la Rue Battery, éj ; 62 
Delaurier’s Solution, 5 ‘ « AV9 
Delezenne’s Circle, ‘ . sualoo 


Demarcation Current, . Seseicyed (op 
Demagnetization, . : : a eel) 


Density, Current . : : . 161 
Density, Electrical : » 115 
Density, Electric Superficial ‘ - 180 
Density, Field ° : . 252 
Density, Magnetic . 5 : 342 


Density of Charge, 6 : 
Dental Mallet, Electric . < j 180 
Deposit, Electrolytic SPL ab Face ge eLOU 


Deposit, Nodular . . « 
Depolarization, . ° ° 


Depolarizing Fluid, . ° °. 


Derivation, Pointsof . ° 
Derivative "Circuit, 3 "5 ; 
Derived Circuit, . : “ 
Derived Current, . 2 . 
Derived Units, 3 ° 
Desk Push, ; ; ; ° 
Detector, ~ ; °- 
Detector, Lineman’s 
Deviation of Discharge, . 
Deviation, Quadrantal . 
Deviation, Semi-circular 4 
Device, Safety . é A ° 
Dextrotorsal, . 6 3 ‘ 
Diacritical, ‘ 5 3 5 
Diacritical Current, é ; 
Diagometer, S p : 8 
Diagnosis, Electro- ‘ 
Diagram, Thermo-electric ° 
Dial T elegraph, 2 ° ° 


Diamagnetic, . ° ° 
Diamagnetic Polarity, bie 
Diamagnetism, . . ° 


Diameter of Commutation, ° 
Diapason, Electric . . ; 


Diaphragm, . 3 ° 
Diaphragm Current, 5 ° 
Dielectric, 5 ° ° 


Dielectric Capacity, ; 3 ° 
Dielectric Constant, . ° 
Dielectric, Energy Of e A 
Dielectric Polarization, ‘ 
Dielectric Resistance, . ‘ 
Dielectric Strain, . ° ; 
Dielectric Strength, . See 
Dielectric Stress, ; ; . 
Differential Arc Lamp, ms 
Differential Coil and Plunger, 
Differential Galvanometer, . 
Differentially Wound Bell, . 
Differential Magnetometer, 
Differential Motor, . A 
Differential Relay, 


Differential Thermo-electric ‘Pile, 


Differential AAS Wore sd 88 
Diffusion, . . 184 
Diffusion, Anodal . eh Pci 15) 
Diffusion Creep, ° - 184 
Digney Unit of Resistance, - 464 
Dimensions and Theory of Dimen- 
sions, s : ° 5 - 184 
Dimmer, . : 5 ite tlOo 
Diode Working, ; seis - 580 
Dioxide, Carbon . é ° - 107 
Dioxide, Sulphur . 6 porte ea, 
Dip, Magnetic. e 342-346 
Dip of Magnetic Needle, : 185 
Dipping, . ° : ° - 185 . 
Dipping Needle, Sie é - 185 
Direct Current, en Siete 162 
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Direct Current Dynamo, 19% | Distribution of Electric Energy, 
Direct Induced Current, : 162 Systems of _ 190 
Direct Reading Galvanometer, 269 piso unen of Magnetism, Lamel- : 
Directing Magnet, : 185 357 
Direction, oe Distribution of Magnetism, Solen- oe 
rrent ‘ oida $ 

Bascuce on Cu 428 | Distribution of Supply, Central Sta- 
Directive Power, . 187 tion’: ‘ i 
Disc, Arago’s 38 | Door Opener, Electric Reseed) 
Disc, Armature. . 43 Dosage, Galvanic ~. : j . 190 
Disc, Bunsen . 92 Double Break Switch,- : = 500 
Disc, Dynamo | 197 Double Carbon Arc Lamp, : . 191 
Disc, Faraday’s 249 Double Contact Key, » ; ie ehh: 
Discharge and Charge Key, 313 Double Curb Working, . s . 58 
Discharge, Brush . é 187 Double Fluid Theory, ; pa57191 
Discharge, Conductive 187 Double Fluid Voltaic Cell, . -- 191 
Discharge, Convective . 187 | Double Magnetic Circuit, .- . 840 
Discharge, Dead Beat 187 Double Needle T elegraph, Bese . 506 
Discharge, Disruptive . 187 Double Plug, ~ : . 191 
Discharge, Duration of 188 | Double Pole Switch, . .  . 500 
Discharge, Glow 187 Double Tapper Key, 314 
Discharge, Impulsive 5 : . 188 Double Touch, Magnetization by . 358 
Discharge Key, Kempe's_~ . 315 | Doubie Trolley, : : 549 
Discharge, Lateral . 188 Double Wedge, f 2 ; - 191 
Discharge of Magnet sm, 356 Doubler, : : j : oh 191 
Discharge, Oscillatory 1887/.D.F.; ef scr oie lave aor Oe hod 
Discharger, dere 188) |S T AS 1) ete ee 2s es eer sae 191 
Discharger, Henley’ s Universal 189 | Drag of Field, . ees . . 204 
Discharger, Universal 189 | Dreh-Strom, ere ; . 191 
Discharger, Universal, Henl ley’ s . 189 | Drill, Electric aan : PAO}: 
Discharge, Silent . 187-189-206 Drip "Loop, : : ; : Be aia 4 
Discharge, Spark . 189 Driving Horns, : ; : - 192 
Discharge, Surging 188 Dronier’s Salt, : : Hed? E43 
Discharging Curve, . . 170 Drooping Characteristic, recone Le | 
Discharging Rod, .- 189 ‘| Drop, Annunciator . A 35 
Discharging Tongs, . 189 Drop, Automatic Agee : . 192 
Disconnection, ; 139 Drop, Calling =. '. j ae 98 
Discontinuity, "Magnetic 4 . 342 Drum Armature, .° . so reer 
Discovery, Oerstedt’s . 394 Drum, Electric é : ; Btn O8 
Disc Winding, . 579 Dry Battery, : ; : = 638 
Dispersion Photometer, 412 Dry Pile, ite a s : ; Seieata}o) | 
Displacement Current, 162 Dub’s Laws, . 5 : . 193 
Displacement, Electric 188 Duct, : rset 
Displacement, Oscillatory 398 Duplex Bridge Teleerabe: ares apott (0) 
Disruptive Discharge, . 187 Duplex Cable, 5 OG 
Disruptive Tension, - . . 189 Duplex Differential Telegraph, SEDO. 
Dissimulated Electricity, 189 | Duplex Telegraph, 506 
Dissipation of Charge; 115 | Duration Contraction, Kathodic . 812 
Dissociation, . 189-585 | Duration of Electric Spark, . 490 
Distance, Critical, * of ‘Alternative Dyad, : 5 . 198 

Path é . 190 | Dyeing, Electric : 4 . 198 
Distance, Explosive 190 | Dynamic Electricity, 5 Sete MB) 
Distance, Sparking 190 Dynamic, Electro- — . See) | 
Distance, Striking . 496 Dynamic Induction, Magnetic . 347 
Distant Station, | 493 Dynamo, Alternating Current 193 
Distillation, 190 | Dynamo, Alternating SUE EN: Reg- 
Distortion of Field, 252 ulation of : 195 
Distributing Box, . 190 | Dynamos, Battery of 68 
Distributing Switches, 190 Dynamo, Commercial Efficiency 
Distribution, Complementary 144 of 
Distribution, Isolated 309 Dynamo, Compound . 4 Asie g (Us) 
Distribution ‘of Charge, , 115 Dynamo, Coupling of 5 3 . 201 
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Page ae : 

Dynamo, Curve of : : . 1% | Effect, Ferranti . 1 
Dynamo, Dead Turnsofa . . 551 Effect, Hall . 284 
Dynamo, Direct Current . Oe Effect, Joule . 3i1 
Dynamo, Disc . 4 190 Effect, Kenta: 235-312 
Dynamo-electric Machine, : ese MY Effect, Mordey . . 381 
Dynamo, Electroplating . é . 198 Effect, Page 401 
Dynamo, Equalizing 198 Effect, Peltier 404 
Dynamo, Field and Armature Re- Effect, Photo-voltaic 415 

action of . 450 | Effect, Seebeck . 478 

_ Dynamo, Far Leading — : . 198 Effect, Skinz; 486 
Dynamo or Magneto-electric ‘Gen- Effect, Thomson 538 
erator, Flashing in a : 20K Effect, Voltaic 563 

Dynamo, Inductor 5 ; 5499 Efficiency, . 204 
Dynamo, Interior Pole. : . 199 | Efficiency, Commercial 204 
Dynamo, Iron Clad . 200 | Efficiency, Electrical . 205 
Dynamo, Ironwork Fault ofa . 308 Efficiency, Gross 205 
Dynamo, Motor . 4 : . 200 Efficiency, Intrinsic . . 205 
Dynamo, Multipolar 5 ; . 200 | Efficiency, Net. 205 
Dynamo, Non-polar . ‘ . 200 | Efficiency of Conversion: 200. 
Dynamo, Open Coil . : é . 200 Efficiency of Secondary Battery, 
Dynamo, Overtype é ; oP 809 Quantity . 205 
Dynamos, Regulation of . : . 455 Efficiency of Secondary Battery, 
Dynamo, Ring : . 200 Real-:2-. . 205 
Dynamo, Self Teciting” 2 ; . 201 Efflorescence, : 206 
Dynamo, Separate Circuit . . 201 | Effluvium, Electric . .. 206 
Dynamo, Separately Excited 201-479 | Egg, Philosopher’ S 409 
Dynamo, Series . ~ 201 Elastic Curve, . 206 
Dynamo, Shunt ; : . 202 | Elasticity, Electric 206 
Dynamo, Single Coil : : cee 202 Electrepeter, : 206 
Dynamo, Tuning Fork . . .%» 202 | Electric, Absolute, Potential 429 
Dynamo, Unipolar ; ; 202-553 Biectric Absorption, 8 
Dynamograph, : : 5 . 199 | Electric Actinometer, 11 
Dynamometer, ; ‘ : . 200 | Electric Alarm, . 17 
Dyne, : : : 5 ; . 203 | Electrical Classification of Ele- 

, ments, . 237 
Earth, . : : : ; BA} Electrically ‘Controlled Valve, 558 
Earth Coil, 5 : 5 re ered ts, Electric Ammunition Hoist, 29 
Earth Currents, . ; 3 166 Electric Analysis, . 32 
Earth, Dead . 176-208 Electric Analyzer, 32 
Earth, Magnetization by j . 859 | Electric Annealing, : 34 
Earth, Partial . : . 203-404 Electric Annunciator Clock, ART 
Earth ’Plate, : ; ; é . 203 Electric Arc Blow-pipe, - 84 
Earth Return, . 2 39003. | Wlectricc:Auras 9" see Ge eS 
Haris Magnetism, Components Se Electric Automatic Fire Extin-_ 

‘ ; uisher, é : : 4 
Earth, Solid . : : j » 208 Biecttic Axis, Pad 
Earth, Swinging . . ~~. 208 | Electric Balance, .. 577 
Earth, Total ‘ ; : . 203 Electric Bath, Bipolar . 57 
Ebonite, : ; F . 203 Electric Bath, Multipolar | 5Y 
Eccentric Iron Disc Ammeter, 5 27 Electric Bath, Unipolar 57 
Economic Coefficient, 130-£04-205 | Electric Bell, . ; 79 
Eddy Currents, . tes AO Electric Bell, Automatic 78 
Eddy Displacement Currents, . 162 Electric Bioscopy, 82 
Ediswan, . ; 204 Electric Blasting, . 83 
Edison Effect, . ; F . 204 | Electric Bleaching, . «83 
Edison-Lalande Battery, : ‘ 69 | Electric Boat, 84 
Eel; Electric ~~... pee . 204 Electric Boiler Feed, 84 
Effect, Acheson. : - 208 Electric Branding, 87 
Effect, Counter-inductive : . x04 | Electric Brazing, . ; 87 
Effect, Ctosemmagnet zis i 158-298 Electric Breath Figures, 89 
Effect, Edison? ; . 204 Electric Breeze, : 89 
Effect, paradays acu ee j . 249 | Electric Buoy, 93 





Electric Candle, 

Electric Case Hardening, 
Electric Cautery, + 
Electric Chimes, . 
Electric Chronograph, _ 
Electric Circuit, Active 


Electric Clock, Self-winding 


Electric Coil, . 

Electric Column, 

Electric Contact, 

Electric Convection, 
Electric Convection of Heat, 
Electric Counter, 

Electric Crucible, ; 
Electric Crystallization, 
Electric Death, . 
Electric Density, 

Electric Dental Mallet, 
Electric Diapason, 
Electric Displacement, . 
Electric Door Opener, _. 
Electric Double Ret action, 
Electric Drill, - 

Electric Drum, 

Electric Dyeing, 

Electric Eel, . ; 
Electric Efficiency, - 
Electric Effuvium, 
Electric Elasticity, 
Electric Endosmose, 
Electric Energy, 


Electric Energy, Coefficient of 
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Electric Energy, ousieme 6 of D:s- 


tribution of 
Electric Engraving, . 
Electric Entropy, .- 
Electric Etching, 
Electric Evaporation, 


Electric Excitability of ‘Animal 


Systems, .- ° 
Electric Exosmose, 
Electric Expansion, 


Electric Fire Alarm, Automatic. 


Electric Floor Matting, 
Electric Fluid, . 
Electric Fly or Flyer, 
Electric Fog, . 
Electric Furnace, . 
Electric Fuse, . 
Electric Gas Burners, 
Electric Headlight, 
Electric Head Bath, 
Electric Heat, . 
Electric Heater, 
Electric Horse Power, ° 
Electric Image, . 
Electric Incandescence, 
Electric Influence, 
Electric Insulation, . 


Electricities, Separation one 


Electricity, : 
Electricity, Animal 


Electricity, Atmospheric . 
Electricity, Cal : 
Electricity, Conservation of 


Electricity, Contact . -+ : 


Electricity, Dissimulated 
Electricity, Dynamic 
Electricity, Frictional 
Electricity, Latent 
Electricity, Negative 
Electricity, Plant 
Electricity, Positive 
Electricity, Specific Heat of 
Electricity, Static 
Electricity, Storage Of 
Electricity, Voltaic ; 
Electricity, Vitreous . . 
Electric Machine, Plate ~ 


Electric Machine, eS 


Electric Mains, 

Electric Mass, . 

Electric Matter, 2 
Electric Meter, Chemical 
Electric Meter, Thermal 
Electric Meter, Time — 
Electric Mortar, . 
Electric Motor, © 


Electric or Electrostatic Capacity " 102 


Electric Organ, : 
Electric Oscillations, 
Electric Osmose, 

Electric Pen, 

Electric Pendulum, 
Electric Piano, 

Electric Picture, 

Electric Pistol, é 
Electric Popgun, . . 
Electric Portrait, ._ 


Electric Potential Difference, 
Electric Potential, Unit of . 


Electric Power, A j 
Electric Pressure, 
Electric Probe, 

Electric Prostration, 
Electric Protector, 
Electric Radiometer, 
Electric Ray, 


Electric Rectification of Alcohol, 


Electric Reduction of Ores, 


, 398 


- 482 


Electric Reduction of Phosphorous 410 
54 


Electric Register, 
Electric Residue. .- 
Electricity, Resinous 
Electric Resonance, 
Electric Resonator, 
Electric Rings, 
Electrics, ‘ 
Electric Saw, 
Electric Screen, 
Electric Shadow, 
Electric Shock, : 
Electric Shower Bath, 
Electric Soldering, 
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Electric Spark, Duration of . 490 Electrolytic Deposit, setae » 180 
Electric Sphygmophone, 491 Electrolytic Iron, : ; - 808 
Electric Storms, . : 495 Electrolytic Resistance, - 464 
Electric Striz, . . 496 Electro-magnet, j 215-3 7 
Electric Subway, . 496 Electro-magnet, Annular ; ob 
Electric Subway,, Underground . 552 | Electro-magnet, Bar . : 217 
Electric Sunstroke, . . 497 Electro-magnet, Club- foot sil ¢ 
Electric Superficial Density, 180 | Electro-magnet, Hinged 217 
Electric Swaging, ‘ 499 Electro-magnet, Hughes’ 4 291 
Electric Tele-barometer, 504 | .Electro-magnetic Ammeter, Be eye). ( 
Electric Telemanometer, . 521 Electro-magnetic and Magnetic 
Electric Telemeter, 521 Equipotential Sur‘ace, . : 
Electric Tempering, . 527 | Electro-magnetic Attraction and 
Electric Tension, 529 Repulsion, i : - 217 
Electric Thermometer, . 535 Electro-magnetic Brake, : ; 86 
- Electric Thermostat, 537 Electro-magnetic Clutch, - » 128 
Electric Torpedo, . . 543 Electro-magnetic Control, : - 218 
Electric. Tower, 545 Electro-magnetic Eye, . 248 
Electric Transmission of Energy, . 240 Electro-magnetic Field of Force, 218 
Electric Trumpet, . - - 550 Electro-magnetic Force, . : - 260 
Electric Tube, . . . 550 | Electro-magnetic Gun, 282 
Electric Typewriter, 551 Electro-magnetic Induction, 218-299 
Electric Unit.of Work, :». . 580 | Electro-magnetic Inertia. . ~. 3805 
Electric Varnish, *. <:!3 lv 559 | Electro-magnetic Induction, Mutual 302 
Electric Welding, .\..is0% . 574 Electro-magnetic Interrupter 10% 
Electric Whirl, | ranihe Dea Tuning Fork, . 3 
Electric. Wood, ); . 578 Electro-magnetic Leakage, 919 
Electrification, — 3 208 Electro-magnetic Lines of Force, 219 
Electrification by: Glewvaces . 127 Electro-magnetic Liquids, Rotation 
Electrification by Pressure, . 484 of : - 4%5 
Electrified Body, Hnersy Oana. 2241 Electro-magnetic Meter, i hse0 VAs) 
Electrization, ©. 208 Electro-magnetic Quantity, 445 
Electro-biology, . - 208 Electro-magnetic SuaRULY, Prac- 
Electro-capillarity, » 209 tical Unit of : : - 445 
Electro-chemical Equivalents, 200-244 Electro-magnetic Shunt, - 483 
Electro-chemical Series, 209 Electro-magnetic Stress, 219-496 
Electro-chemistry, . 209 Electro-magnetic Theory of Light, 219 
Electro-culture, <>: 209 | Electro-magnetic Unit of ENerEYs 220 
Electrode, | 210 Electro-magnetic Vibrator, 561 
Electrode, Indifferent - 210 Electro-magnetic Waves, - 33 
Electrodes, Erb’s Standard of - 210 Electro-magnet, Ironclad 219 
Electrodes, Non-polarizable 210 Electro-magnetism, . 220 
Electrodes, Shovel . 483 Electro-magnet, joule’s 337 
Electrode, Therapeutic 210 Electro-magnet, Long Range 220 
Electro-diagnosis, 181-210 - Electro-magnet, One Coil, 219 
Electro-dynamic, . . 6 211 Electro-magnet, Plunger, : - 220 
Electro-dynamic Attraction and Electro-magnet, Polarized . 220 
Repulsion, 211 Electro-magnets, Interlocking 221 
Electro-dynamic Rotation of Lig- Electro-magnets, Multiple Wire 
uids, . 474 Method of Working . 388 
Electro-dynamometer, Siemens’ . 212 Electro-magnet, Stopped Coil, 221 
Electro-gilding, . A . see beds Electro-mggnets, Surgical 222 
Electro-kinetic, _ ; Seah Electro-mechanical Bell, 80 
Electrolier, . ‘ : . 212 Electro-mechanical Equivalent, 244 
Electrolysis, 5 212 Electro-medical Baths, 222 
Electrolysis, Laws of 213 Electro-medical Battery, Pulver- 
Electrolyte, 5 . 214 macher's: ; 3 : 69 
Electrolytic Analysis, 214 | Electro- metallurgy, 222 
Electrolytic Cell, . | . 109 Electrometer, 5 222 
Electrolytic Clock, . 128 Electrometer, Absolute ¢ . 222 
Electrolytic Conduction, 3 215 Electrometer, Attracted Disc . 223 
Electrolytic Convection, 149-214 | Electrometer, Capillary .  . 224 
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Page 
Electrometer Gauge, SUL IE we oe eee 
Electrometer, Lane’s : : . 226 
Electrometer, Quadrant 2 . 226 
Electrometer, Thermo- . : . 5386 
Electrometer, Weight. .- ~ 223 
Electro-motive Force... : . 227 
Electro-motive Force, Counter- . 228 
Electro-motive Force Curve, . 70 


Electro-motive Force, Impressed 297 
Electro-motive Force, Motor . 84 
Electro-motive Force, Oscillatory 398 
Electro-motive Force, Transverse 549 


Electro-motive Force, Unit «228. 
Electro-motive Intensity, . 228 
Electro-motivePotential Difference, 429 
Electro-motive Series, . ; 

Electro-motograph, a : . 229 
Electro-motor, . ; . 229 
Electro-muscular Excitation, 2. 229 
Electro-negative, : : - 229 
Electro-optics, . 5 . 229 
Electrophoric Action, eee ‘ » 230 
Electrophorus, ° f : . 280 
Electro-physiology, . S ; . 231 
Electroplating, . . 281-418 
Electroplating Dynamo, : 3 2198 


Electro-pneumatic Signals, gf Rol 
Electropoion Fluid, . a . 232 
Electro-positive, . ° : - 232 
Electro-puncture, _. ° ; . 2382 
Electro-receptive, . é 5 - «282 
Electroscope,_. 4 5 « 232 
Electroscope, Bennett’s : + ~ 233 
Electroscope, Bohenberger’s . » 233 


_Electroscope, Condensing . - = 288 


Electroscope, Gold Leaf : . 233 
Electroscope, Pith Ball : . 2084 
Hlectrostatic Attraction and Repul- 


sio 

Blectrostati¢ Attraction and Repul- 
sion, Coulomb’s Law of ° 

Electrostatic Circuit, 123 

Electrostatic Equipotential Surface, 244 

Electrostatic Field of Force, . - 204 

Electrostatic Force, : ° oi 200 


Electrostatic Induction, ¢ ; . 302 
Electrostatic Induction, Coefficient 
of ‘ : 


Electrostatic Induction, Mutual 803 
Electrostatic Lines of Force, . 2 Oe 


Electrostatic Quantity, ° - 445 
Electrostatic Refraction, x . 235 
Electrostatics, ( Shoe ghar OO 
Electrostatic Series, ’. : ; . 235 
Electrostatic Stress, 236-496 


Electrostatic Telephone, . . 526 
Electrostatic Voltmeter, : Peeciiy a 
Electro-thermal Equivalent, : . 245 
Electro-therapeutics or HREIED Ys 236 
Electrotonic State, . : - 493 
Electrotonus, ° 3 3 - 236 
Electrotype, e ° . 5 - 236 


Page. 
Element, Chemica) . hers ah . 236 
Element, Galvanic : g - 264 
Element, Mathematical . ; 3237 


Element, Negative j a . 390 
Element of a Battery Cell, . . 237 


Element, Positive . 200 
Elements, } Blectes! Classification 

fe) e e e e 
Elements, Magnetic — Alc aicr 342 
Elements of Battery, RoR ts - 63 
Elements, Thermo-electric . 237 
Element, Voltaic £ sg 
Elias’ Method of Magnetization, 360 
Elongation, : ; 237-540 


Elongation, Magnetic wo et ee Vad 
Embosser, Telegraph Rah 258 ° 237 
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Energy, : ° : ; - 238 
Energy, Atomic : cate . 238 
Energy, Chemical . 5 - 239 
Energy, Conservation of Pees 0) 
Energy, Degradation of . - 239 
Energy, Electric é . 239 


Energy, Electrical, Coefficient of 205 
Energy, Electric Transmission of . 240 
Energy, Electro-magnetic, Unit of 220 
Energy, Kinetic . Se 241 
Energy, Mechanical Seca . 241 


Energy Meter, é g : - 8% 
Energy, Molar . ‘ aay a ei ertoriol ek 
Energy, Molecular : . 241 


Energy of an Electrified Body, . 241 
Energy of Dielectric, . . - 1838 
Energy of Position, . F : . 241 
Energy of Stress, . Spears - 241 
Energy, Physical . ° - 241 
Energy, Potential, or Static - 241 
Energy, Radiant A ecm - 446 
Energy, Thermal . : ; - 242 
End-on Method, Sees . 238 
End or Pole, Marked, A : . 3868 


Endosmose, Electric Sori . 238 
End Play, “ : 5 ; - 238 
End, Unmarked . 556 


English Absolute or Foot Second 
Unit of Resistance, . .  .~ 465 


Engraving, Electric . . . 245 
Entropy, ° : : . 242 
Entropy, Electric : ; : - 242 
Epinus’ Condenser, .— . 3 . 242 
BePe Ss icwub dwt ta eee 
Equator, Magnetic . Raa . 344 
Equator of Magnet Sincrs _ 837 
Equipotential, . sa we . 244 
Equipotential Surface, 498 


Equipotential Surface, Electrostatic 244 
Equipotential Surface, Magnetic 
and Electro- Magner’ . ° 


“EB qualizer, 5%. : : - 243 


Equalizer, Reeder 0 5 0 . 251 
Equalizing Dynamo, . . . 4198 
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Page. 
Equivalent, Chemical 116-244 
Equivalent Conductors, 146 
Equivalent, Electro-thermal . 245 
Equivalent, Joule’s j 311 
Equivalent Resistance, . j . 465 
Equivalents, Electro-chemical 209-244 
_ Equivalent, Thermo- chemical . 245 
Equivalent, Water : 572 
Equivolt, ; . 245 
Erb’s Standard of Electrodes, 210 
Erg, . : . 245 
Erg-ten, : 245 
Error, Heating . 286 
Escape, . 245 
Essential Resistance, 465-466 
Etching, Electric 245 
Ethene, , 5 397 
Ether, . : 246 
Eudiometer, 246 
Evaporation, Electric . 246 
Ewing’s Theory of Magnetism,  . 356 
Exchange, Telephone . gor thts 4246 
Excitation, Electro.muscular 229 
Excitability, Faradic 246 
Excitability, Galvanic .. 3 . 247 

Excitability of Animal System, 
Electric Basten. . 247 
Exciter, 247 
Exosmose, Electric . . 247 
Expansion, Coefficient of 247 
Expansion, Electric . : . 247 
Experiment, Franklin’s 261 
Experiment, Hall’s . 284 
Experiment, Kerr’s 312 
Experiment, Matteueci’s . . 369 
Experiments, Hertz’s . 470 
Experiment, Volta’s Fundamental 567 
Experiment with F rog, Galvan s 262 
Exploder, . : : 247 
Explorer, “ 247 
Exploring Coil, 350° 
Explosive Distance, ; 190 
Extension Bell Call, 248 
“Extension, Polar . : 423 
External Characteristic ; 114 
External Characteristic Curve, 171 
External Circuit, 123 
External Resistance, 465-467 

Extinguisher, Automatic Electric 
Hehire s : . 257 
Extra Current, 162 
Extra-polar Region, : 454 
Eye, Electro- mgs nelle és 248 
Eye, Selenium : . 478 
Facsimile Telegraph, 510 
Factor, Armature 45 
Fahrenheit Scale, . 248 
Fall of Potential, : : . 430 
False Poles, Magnetic ; 350 
Farad, . 248 
Faraday, Effect 249 
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Faraday’s Cube, | 4 
Faraday’s Dark Space, 
Faraday’s Disc, 
Faraday’s Net, 
Faraday’ Ss Ring, ; 
Faraday’s Transformer, 
Faraday’s Voltameter, 
Faradic, .- : 
Faradic Battery, 
Faradic Brush, 

Faradic Current, 
Faradic Excitability, 
Faradization, . 
Faradization, Galvano- 
Far Leading ‘Dynamo, : : a 
Fault of a Pynames Ironwork . 308 


Faults, é é ~ 251 
Faults, Contact ae i ; Feed (2 19/ 
' Feed Clockwork, A ; : - 128 
Feeder, . " A sk eo 
Feeder, Equalizer : : . 251 
Feeder, Main or Standard . sore 459 | 
Feeder, Negative . . . 251 
Feeder, Neutral . 3 : ete 55! 
Feeder, Positive 3 : . . 251 
Feeder, Switehe 23. é : «000 
Feet, Ampere. : : - 3 jolt) 
Ferranti Bitects.= j Peer 155) | 
Ferric Chloride Battery, : 268 
Ferro-magnetic, . seteoae 
Fibre and Spring Suspension, . 252 
Fibre Suspension, . Se eae 
Field, Air . é : ; = - 208 
Field, Alternating 952 
Field and Armature keaction ‘of 
Dynamo, . - 450 
Field, "Controlling 5 ; ; . 148 
Field, Deflecting . ; . pattves les) 
Field Density, . F : : <BR 
Field, Distortion of : : 2 ee 
Field, Drag of . - 254 
Field, Intensity of a Magnetic . 9306 
Field Magnet, ; : . 3837 
Field of Force, : 254 
Field of Force, Electro-magnetic . 218 
Field of Force, Electrostatic + ab oe 
Field of Force, Magnetic . . 844 
Field of Force of a Current, seo 
Field of Force, Uniform . ‘ . 558 
Field, Pulsatory : ; : ae eOO 
Field, Rotating : . : . 256 
Field, Stray . A 256-465 
Field, Uniform . : . 256 
Field, Uniform Magnetic 5 . 3845 
Field, Waste. é oo . 256 
Figure of Merit, S : z . 256 
Figures, Haldat’s : ‘ - 284 
Figures, Lichtenberg’s . : » 827 
Figures, Magnetic ; : . 3845 
Filament, . é : . 256 
Filament, Magnetic : ‘ . 3845 
Filaments, Papericce. ; : - 402 
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Page. Page. 
File, Circuit Breaker . 3 Fs Force, Kapp Line of . - oe ole 
Finder, Position : P s . 427 Force, Lines of - : : - 330 
Finder, Range : : : .. 447 -| Force, Magnetic . Re eee O46 
Finder, Wire . 580 Force, Magnetic Field of F . 344 
Fire Alarm, Electric "Automatic Seeks Force, Magnetic Lines of 348 
Fire and Heat Alarm, il¢é Force, Magneto-motive 365 
Fire Bxcing weber: Electric Auto- Force, Motor Electro-motive 384 
matic . : . 257 | Force of Polarization, Back Elec- 
Fire Cleansing, . : 0 <n SOOM. trdé-motive . . 156 
Fire, St. Elmo’s ; SAS . 494 | Force, Oscillatory, Electro- motive 398 
Fishing Box, . 311 | Force, Photo-electro-motive 410 
Flashing in a Dynamo, or Magneto- Forces, Composition of 260 
Electric Generator, . 257 Forces, Parallelogram of 260 
Flashing of Hicaadescen Lamp Forces, Resolution of 261 
Carbons; = ; . 257 | Force, ‘True Contact 549 
Flashing Over fo eee 208 Force, Tubes of 261 
Flash, Side : : : i . 484 Force, Unit of . ‘ . 261 
Flat Cable, pee ars Rise .. 96 | Forked Circuits, 126 
Flat Coil, . j ; . 183 | Fork, Tuning, Dynamo . 202 
Flat Ring Armature, : 5 . 45 Forming, ? 261 
Flats, 3 : : . 258 Formula of Merit, . 256 
Flats in Commutator, - : e240 Foucault Current, 163 
Flexible Cord, . ~ 152 Foundation Ring, ; 261 
Floating Battery, Dela Rive’s . 179 | Fourth State of Matter, 261 
Floating Magnets, Meyer's . . 3% Frame, . 261 
Floor Matting, Electric SO Siar e OO Frame, Resistance 465 
Floor Push, : ‘ So Paayejae he Franklinic Current, 163 
Fluid, Depolarizing — : : . 258 Franklin’s Experiment, 261 
Fluid, Electric . : : ; . 208 Franklin’s Plate, . 262 
Fluid, Electropoion . : . , 282 Franklin’s Theory, 262-486 
Fluid, Insulator F 5 : . 806 | Free Charge, . 115 
Fluid, North Magnetic . . 807 Free Magnetism, 356 
Fluids, Magnetic. : 5 . 845 | Frequency, ; : 262 
Fluid, South Magnetic. . . 856 | Frequency, High . 289 
Fluid’ Theory, Single ; : . 486 Frictional Electricity, 5 - 262 
Fluorescence, . : ; . 208 Frictional Electric Machine, 333 
Flush Boxes, . : 3 ; . 258 Frictional Heating, . ; : . 262 
Fluviograph, : : i . 259 | Friction Gear, Magnetic 276 
Flux, Magnetic ae Eaee : . 845 | Friction, Magnetic 295-846 
Fly or Flyer, Electric . ; - 209 Fringe, . 262 
Foci Magnetic, . % She . 209 | Frog, Galvani’s Experiment with 262 
Fog, Electric . Beret : oe 09 Frog, Rheoscoptc ‘ ; «2262 
Following Horns, . : 2 . 259 Frying, aie 263 
Foot-candle, . ; Ee alee Fae S05!) Fulgurite, é 263 
Foot, Mil- . i 3 : : Resp!) Fuller’s Battery, 63 
Foot-pound, ; : j 5 . 259 | Fulminating Pane, 262 
Foot-step, . eral s : ; . 259 | Fundamental Unit, 554 
Porce.< 4 6 : : . 259 | Furnace, Electric . : ae 4133 
Force, Angular : 5 é F . 544 | Fuse Block, : é 5 ; paps 745) 
Force, Axial cor, : : . 544 Fuse Board, A ; geese) 
Force, Centrifugal . 112 | Fuse Box, . . 263 
Force, Coercive or Coercitive | 181-471 Fuse, Cockburn 263 
Force, Controlling ; 148 Fuse, DleCtricnycit ere. . 264 
Force, Counter-electro-motive reypbD Fuse Links, 330 
Force de Cheval oe : . - 260 | Fuse, Safety ; 175-475 
Force, Electro-magnetic Saeey . 260 
Force, Electro-motive . 227 | Galvanic, 264 
Force, Electro-motive, Transverse 549 | Galvanic ‘Action, Volta’s Law of 568 
Force, Electrostatic . ; - 260 Galvanic Dosage, ‘ 5 . 190 
Force, Field of . : : : . 254 | Galvanic Element, . Fie iat: ee OS 
Force, Field of, of a Current -= 255 Galvanic Excitability, : Bi OAY. 
F ‘orce, Field of, Electrostatic . . 254 | Galvanic or Voltaic Battery, eee tho 
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Page. 
Galvanic or Voltaic Circle, . one 19 
Galvanic or Voltaic Couple, . . 156 


Galvanic Polarization, . 265 
Galvani’s Experiaent with Frog . 262 
Galvanism, . 5 ; «265 
Galvanization, . : ‘ . 265 
Galvanization, Labile i . 265 
Galvanized Iron, : . : . 265 
Galvano-cautery, . --9e09 
Galvano-cautery, Chemical . . 265 
Galvano-electric Cautery, . 543109 
Galvano-faradization, . j . 265 
Galvanometer, 5 . 265 
Galvanometer, Absolute : . 266 


Galvanometer, Aperiodic  . . 266 
Galvanometer, Astatic  . ; . 266 


Galvanometer, Ballistic y eee Od 
Galvanometer Constant, : . 268 
Galvanometer, Differential ESOS 
Galvanometer, Direct Reading . . 269 
Galvanometer, Marine F «269 
Galvanometer, Mirror . ; . 271 


Galvanometer, Potential . 269 
Galvanometer, Proportional . . 269 
Galvanometer, Quantity  . . 09 
Galvanometer, Reflecting ; . 270 
Galvanometer, Shunt 
Galvanometer, Sine . : A . 271 


Galvanometer, Tangent : senate 
Galvanometer, Torsion . 278-544 
Galvanometer, Upright 5 eer (eh 


Galvanometer, Vertical -. 4 . 274 
Galvanometer, Volt and Apes 
Meter . ; 


Galvano-plastics, . - ; * OFS 
Galvano-puncture, 232-975 
Galvanoscope, ; Renae) 
Galvano-thermal Cautery, ; - 109 
Gap, Spark . 3 : : <. 2-490 
Gas Battery, . : : : . 638 
Gas Batterv, Grove’s . ‘ sf ee 
Gas Burner, Electric : : . 98 
Gas, Carbonic Acid : : - 108 
Gas, Electrolytic ? A ; Rar 3) 
Gases, Magnetismof . . Rano rg 
Gases, Mixed . Sie $ . 205 
Gas Jet, Carcel . 4 A - 108 
Gas, Olefiant ; é 4 . 397 
Gassing, : : eer) 
Gassiot’s Cascade, $ . . . 205 
Gastroscope, . 5 ; 5 a YS) 
Gas Voltameter, ; : : . 564 
Gauge, Battery : ; ; ee O4 
Gauge, Electrometer é : . 226 
Gauss, . 5 A : - 205 
Gauss’ Principle, z 0 . 276 
Gauss, Tangent Positions of . 276 
Gauze Brush, Wire . : ; 2 92 
Gear, Magnetic : : . 346 
Gear, Magnetic Friction ° . 276 
Geissler Pump,.. ; 4 - 4387 
Geissler Tubes, ° 5 : . 276 


PB 
Generating Plate, 5 ° : “oy 
Generator, Current ; - o 227 
Generator Inductor, 199 


Generator, Magneto-electric ae 362 
Generator, Magneto-electric, Flash- 


ing ina Dynamo or A . 27 
Generator, Motor .° . . ., 3R4 
Generator, Pyromagnetic . . 449 
Generators and Motors, Commuta- 

tor.of. Current. 6 2 sy a4: 140 
Generator, Secondary. 3 Qn 407 
Geographic Meridian, . 372 
German Mile Unit of Resistance, . 466 
German Silver, . SAR ey (i) 
German Standard Candle, § . 99 
Gilding, Electro- . 5 ; . WT 
Gilding Metal, . : . . © 277 
Gimbals, . : : : : - 278 
Cpe Armature, . ; é . 49 

arity 

Globe or Globular Lightning, e he 
Glow Discharges : . . 187 
Gold, ges j . 278 
Gold’ Bath, j ; . 279 
Gold Leaf Electroscope, : 5 . 233 
Gold Stripping Bath, . : Seog 

Governor, Centrifugal : : enya 
Governor, Rate. : : - 449 
Graduator, : hacen é . 279 
Gram, . eee ; : - 280 
Gram-atom, ‘ : ; . 280 
Gram-molecule, % ; A . 280 
Graphite, . : ; : : . 280 
Gravitation, . ; 57 280 
Gravity, Acceleration of ‘ . 280 
Gravity Ammeter, i int : 27 
Gravity Battery, eke eee , . 64 
Gravity, Centre of S ‘ pees bb) 
Gravity Control, ; - . 281 
Gravity D.-p Annunciator, ‘ 35 
Grease Spot, . . . ; .- 92 


Green Vitriol, ; : 3 <2 002 
Grenet Battery, : : ; . 65 


Grid, 281 
Grid Plug, 420 
Grip, Cable 96 
Gross Efficiency, : ij - 205 
Ground, A A - 281 
Grounded Circuit; I es ; <n 23 
Ground Plate, . 4 : Reeie: a lf 
Ground Wire, . ‘ : : . 281 
Grove’s Battery, . : : ; 65 
Grove’s Gas Battery, : : . 281 
Guard Ring, . i : 5 ‘eos 
Guard Tube, . : : . 282 
Gun, Electro-magnetic : - 282 
Gutta Percha, . ; : . 282 
Gyration, Centre of : Peer 4 


Gyrostatic Action of Armatures, . 283 


H, ; : ; : : ‘ . 283 
H Armature, . x : : a 49 


a — = 


Holders, « 6 Gre : . 289 
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Haarlem Magnet, . 887 | Holder, Brush . ; : ; 501 
Hair, Removal of, by Electrolysis 283 Holder, Candle  . A : 22 99 
Haldat’s Figures, . , 284 | Holders, Carbon staie’ : . 107 
Hall Effect, . 5 ; : . 284 Holophote Lamp, . at. ot Oe 
Hall Effect, Real Epp 3 . 284 | Holtz’s Influence Machine, ‘ . 834 
Hall Effect, Spurious . . . 284 | Home Station, Serge Wk se ROS 
Halleyan Lines, é j ‘ . 308 Hood, 3 tee me ; j . 290 
Hall’s Experiment, 5 5ay ORE Horizontal Pn nCHON i : 5 t O0R 
Halske’s and Siemens’ Battery, 292: ELorns, 5 : - ; . 290 
Hand Hole, . : ke 190 Horns, Driving» : : : Sie bry? 
Hanger Board, é ; ; . 284 Horns, Following . enreats . 259 
Hanger, Cable P 5 : 96 Horns, Leading . ‘ 5 . . de4 
Hanger, Cable, T ongs OT Horns, Trailing é s F . 259 
Harcourt’s Pentane Standard, . 406 | Horse Power, : : - 290 
Hare’s Deflagrator, "73 | Horse Power, Actual Rina ee |t) 
Harmonic, . . 3 : 23 Horse Power Curve, ‘ 5 Beet WG | 
Harmonic Curve, .° -  ~ 174-485 | Horse Power, Electric . .  ~ 290 
Harmonic Motion, Simple . . 486 Horse Power Hour, ; Se OMY 
Harmonic Receiver, ; . 284-451 Horse Power, Indicated . 7 . 290 
Head Bath, Electric . : . 284 Horseshoe Magnet, P ‘ . 383¢ 
Head-light, Electric . arts . 285 Hour, Ampere-. P é ‘ . 380 
Head, Torsion ; 0 s . 544 | Hour, Horse Power. o fynle 200 
Heat F : . 285 eRe, ; . 290 
Heat and Fire Alarm, j é : 17 Hughes’ Electro-magnet, : at eon 
Heat, Atomic . : . . 52-285 Hughes’ Induction Balances : . 291 
Heat, Electric : 285 Hughes’ Sonometer, . . 488 
Heat, Electric, Convection of 149-286 Hughes’ Telegraph mei 
Heat, Irreversible . 286 Hughes’ Theory of Magnetism, ;- Bb? 
Heat, Mechanical Equivalent of . 286 Hughes’ Type Printer, . s514 
Heat, Molecular . 286 Human Body, Resistance of - 467 
Heat, Specific : . 2886 | Hydrochloric Acid Battery, . . 66 
Heat, Specific, of Electricity . 288 | Hydro-electric, ; ste oi 293 
Heat Units, : F . 288 | Hydro-electric Machine, : j . 293 
Heater, Electric . . 286 | Hydrogen, . 294 
Heating, Admiralty Rules of . . 12 | Hydrogen, Carburetted, Heavy . 397 
Heating Error, . . 286 | Hydrometer, Beaumé . e248 
Heating, Frictional  . ; . 262 | Hygrometer, . ee . 294 
Heating Magnet, . 286 | Hyperbolic Logarithms, : - . 889 
Heavy Carburetted Hydrogen, - 897 Hysteresis, : : . 295 
Hecto, . . 288 | Hysteresis, Magnetic ‘ bh Meseaaeod 
Hedgehog Transformer, . . 548 | Hysteresis, Static . Hava 295 
Heliograph, . : . 288 | Hysteresis, Viscous 295-336 
Helix, . 288 . 
Henley’ Ss Universal Discharger, See toh!) Hdioelectrics, : : . 295 
Henry, «: s : . 288 | Idiostatic Method, | : eee . 295 
Henry’s Coils, er eo 188° [-iIdle Coils, .. : Bee teeter k= "er t)5) 
Hermetically Sealed 5 ‘ . 289 | Idle Poles, 4 : : : . 296 
Hertz’s Experiments, . ; . 470 | Idle Wire, . f 2 i ee eo 
Heterostatic Method, . ; . 289 | Igniter, Renonaee g 5 5 . 296 
Hexode Working, 5 7. OO 1 BR oe St ra ; : . 296 
High Bars of Commutator, : . 289 Illuminating Power, . 296 
High Frequency, 3 j . 289 Illuminating Power, Splerical . 296 
High Vacuum, Cpa : . 557 Mie iaa vie Power, Standard of, 
Hinged Armature, Wie pect we AD Viole’ : . 561 
Hinged Electro-magnet, | 5 sey: Tiamination, Unit of . ; ss co206 
Hissing, ; ' . 289 | Image, Electric ; ahsnees . 296 
Hittorf’s Resistance, : . 466 | Imbricated Goaductor, : . 146 
Hittorf’s Solution, 289 Immersion, Simple . ; : . 185 
Hoffer’s Method of Magnetization, 860 | Impedance, . 5 297-462 
Hole Armature, . 45 | Impedance, Impulsive ee . 297 
Hole, Hand : , 5 : . 190 | Impedance, Oscillatory 3 297 


Impressed Electro-motive Force, . 297 
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Impulse, . 
Impulsive Discharge, 
Impulsive Impedance, 
In-and-out, Soaking . 
Incandescence, tlectric 
Incandescent Lamp, 


Incandescent Lamp Carbons, Flash- 


ing of 


Incandescent Lamp, Chaniber ‘of 


Incandescent Lamp, Life of 


Incandescent yar Three Fila- 


MCN. =>. . 


Inclination Ceinpasé, 
Inclination, Magnetic 
Inclination Map, 


Inclination or Dip, “Angle of . 


Incomplete Circuit, 
Increment Key, 


Independence of Currents i in Paral- : 


lel Circuits, . oan 


India Rubber, ¢ 
Indicated Horse Power, 


Indicating Beli)". +. 5% 


Indicator, ; 
Indicator, Ci ircuit 2 
Indicator, Throw-back 
Indicator, Volt 5 
Indifferent Electrode, 
Indifferent Point, 
Induced Current, 


Induced Magnetization, Coefficient 


of . 
Inductance, 
Inductance Balance, 
Inductance Bridge, j 
Induction, Anti-, Conductor 
Induction, Back 
Induction Balance, “Hughes” 


Induction, Coefficient of Magnetic 
Induction, Coefficient of Mutual 


Induction, Coefficient of Self- 
Induction Coil, . 

Induction Coil, Inverted — 
Induction Coil, clephone 
Induction, Cross 


_ Induction ‘Current, 


Induction, Blectro-macnetic™ 
Induction, Electrostatic 


Induction, Llectrostatic, e oefficient 


OF 
Induction, Horizontal 
Induction, Lateral 
Induction, Lines of 
Induction, Magnetic 


Induction, Magnetic, Apparent Co- 


efficient of 


Induction, Magnetic, Coefficient of 346 


Induction, Magnetic, Dynamic 
Induction, Magnetic, Self- . 
Induction, Magnetic Static 
Induction, Magnetic, Tube of 
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297 Induction, Mutual, Elec cure eee 
_- 188 netic 209 
297 Induction, Mutual, Electrostatic - 303 
- 486 Induction, Open Circuit ~ 808 
297 | Induction, Oscillatory Bi Skansen 
321 | Induction’ Protector, Mee 481 
Induction, Self- . 308 
257 | Induction Sheath, . 303 
113 | Induction, Unipolar . 304 
27 | Anduction, Unit of Self- ne 304 
Induction, Vertical . 504. 
392 | Inductive ‘Capacity, Magnetic 346- 349 
149 Inductive Effect, Counter- . . 204 
4 Inductive Resistance, 466 
- 346 Inductophone, . : . 804 
297 Inductor, 305 
33 Inductor Dynamo, | . 199 
125 Inductor Generator, 199 
814 | Inductor, Magneto- ; . 363 
Inductor, Pacinotti’s 400 
97 Inductorium, . 188 
102%\5. bnertiace:. 305 
. 290 Inertia, Electro- -magnetic . 805 
80-297 Inertia, Magnetic . 847 
. 298 | - Infinity Plug, 805-420 
298 Influence, Electric 805 
540 Influence Machine, 334 
568 Influence Machine, Armature of 46 
210 Influence Machine, Holtz 334 
421 Influence, Magnetic 346 
163 Installation, 305 
Instantaneous Capacity, 102 
ee 359 | Insulating Stool, : 305 
298 Insulating Tape, ° 305 
293 Insulating Varnish, . 806 
293 Insulation, Electric 805 
36 Insulation, Magnetic 347 
55 Insulation, Ones. 396 
291 Insulation Resistance, 466 
849 Insulator, 306 
301 Insulator Caps, . 306 
298 Insulator, Fluid . 306° 
133 Insulator, Line or Telegraph : 306 
136 Intensity, 306 
137-526 | Intensity Armature, : 45 
298 | Intensity Current, . 163 
. 163 Intensity, Electro-motive 298 
218-299 Intensity, Magnetic A 348 
. 802 | Intensity of a Magnetic. Field, 306. 
Intensity of -Magnetization, 360 
Intensity, Poles of 426 
* 302 Inter-air Space, 489 
. 802 Intercrossing, . 307 
. 830 Interference, ‘Armature 45 
302-346 Interferric Space, . 489 
Interior Pole Dynamo, | 191 
346 | Interlocking Electro-magnets ; 229 
Intermediate Metals, Law of 323 
. 347 Intermittent, . 3 » 307 
852 | Internal Characteristic, 114 
- 347 Internal Resistance, ee ee . 466 
347 Interpolar Conductor, ; . 3807 


Joint, Marriage “ : ° oe SOLO 


PE See Ce eee 
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; i . 307 oint, Resistance 5 : A ; 
Interpolar Re eens Oot Joints i in Belts, e - . se eolk 
Interrupter, Blectro-magnetic, for Joint, Sleeve . go a ee Thee OO 
Tuning Fork : S071; Joint: Splayed: 4 nx eis eee ond 
Intrinsic Efficiency, ‘ : - 205 Junction Boxee; ; creel 
Invariable Calibration : : 97 Junction, Thermo-electric : - 533, 
Inverse Induced Current, : . 163 se 
averse poe: mo oh ae eblin : Seas Pee 311 
o-electric . : ; 4 ; ; 
ts ee ae Ss 907.) Kapp bineof Worce... <7. ..@ 812 
Iron, ; z ; ; . 308 eo ee : , . 5 on 
O, ; « » 200 athode 

Ironclad Dynamo, ct, : ak!) Kathodic Closure Contraction, ole 
Ironclad Magnet, .- 3856 Kathodic Duration Contraction, 312 
Iron Disc Ammeter, Eccentric EO 15S Baa : A ( 3 - 312 
Iron, Electrolytic : : . 808 K. D. Ce Seite MOL 
Iron, Galvanized F . 265 Kempe’s ‘Discharge Key, - - 315 
Ironwork Fault of a Dynamo, .° 808 Keeper, ‘ ae 312 
Irreversible Heat, . ; : . 286 Kerr Effect, es ; ; ‘ 25312 
. Isochasmen Curve, : j eee Kerr’s Experiment, : ; 812 
Isochronism, . A 4 : . 808 Key.e. ; ; , : 5 ctols 
Isoclinic Lines, 3 ; 5 22508 Key Board, . s : i Sn ole 
Isoclinic Map, . : 5 ; . 808 Key, Bridge . : : sols 
Isodynamic Lines, d ; .sie 008 Key, Double Contact “ : . 14 
Isodynamic Map, : A : . 808 Key, Double Tapper é : . 314 
Isoelectric Points, . : ; . 422 Key, Charge and Dischuee Preach 
Isogonal Lines, : 3 : . 808 Key, Increment : A . 314 
Isogonic Map, . : . 809 | Key, Kempe’s Discharge : . .815 
Isolated Distribution, 2 : . 8309 | Key, Magneto-electric . . . 815 
Isolated Plant, : 5 ; cA9='309 Key, Make and Break : sol 
Isolated Supply, ae. 5 zg . 3809 Key, Plug ; 2 ; ; . 316 
Isotropic, 309 ee Reversing . : ‘ 7 OlG 
Isthmus Method of “Magnetization, 360 | Key, Sliding-contact Acid, < HEN OLG 
I: % 309 Key, Telegraph ; B : Ge 316 
Kicking Coils: j : «-° , 132 

Ve 5 ; : Siig he ces sieer O09 Kilo, ; : ; Vi eae SLO 
Jablochkoff Candle,. : . 160 Kilodyne, : é ‘ ee se eVOLG 
Jack, Spring- . 4 : : p92 Kilogram, : ; : 5 een Ol’ 
jacketed Magnet, . ae dar . 856 | Kilojoule, . 5 5 Be a - al? 
Jacobi’ s Law, 309 Kilometer, . Pe rece me bs oa) 
Jacobi’ s Method of Magnetization, 360 Kilowatt, . - : : - - 317 
Jacobi’ s Unit of Current, . 163 Kine, é 5 SOA 
Jacobi’s Unit of Resistance, . = . 466 Kinnersley’ 5 T. hermometer, es Bait) 
Jamin Candle, j : : 3600 Kinetics, Electro- . ; : a. rel 
Jar, Leyden : : : ; . 825 Kinetic Energy, ° : : 24 
Jar, Lightning ; : : . 830 | Kirchoff’s Laws, . ; ore Ody, 
Jar, Luminous . 332 Knife Break Switch, d ; - 501 
Jars, Leyden, Charging “and Dis- Knife Edge Suspension, : a aly? 
charging . . 108 | Knife Edge Switch, setter Sen DOL 
Jar, Unit Pe tds eo ay St BOOS atte Switch, é ce cite oe OOL 
Jewelry, 3 : : 3 : - 809 | Kno * ‘ ‘ . . dl? 
Joulad, . 4 ke : pe reel Robltauseh’s Law, é ier ee IM 
Joule, . Saige ; ; . il Kookogey’s Solution, .. . - 818 
Joule. Effect, Rp aE : . 811 | Krizik’s Cores, : 5 eae ee eeOLO 

Joule’s Electro-magnet, : ; . 337 
Joule’s Equivalent, ees aol: 

Joint, American Twist, . ; . 809 LL, 5 s : : . 318 
Joint, Britannia. . / ~ 309 Lag, Angle ‘of : accghs 33-318 
Joint, Butt g ; 5 ; - 310 Lag, Electric . : 5 é - B02 
Joint "Current, ; ; ; . 160 | Lag, Magnetic A . 3848 
Joint, Lap . 5 , : : - 310 Lalande & Chaperon Battery, . 69 


Lalande-Edison Battery, . eae 6D 
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Lamellar Distributions of Moen 
ism, . é ‘ 357 
Laminated, . ; a ‘ - 318 
Laminated Core, ~ . 154 
Laminated Core, Ak angentially -, 155 
Lamination, . 318 

Lamination of Arinature Conduc- 
tors, . 5 319 
Lamination of Magnet, | 5 3 . 361 
Lamp, Arc bees Ut!) 


Lamp, Age! Double Carbon. re iat 
Lamp Carbons, Hissin of Incan- 


descent: . é . 257 
Lamp, Carcel 3 : 2108 
Lamp, Contact . see : . 820 
Lamp, Differential Arc : . 820 
Lamp Globe, Waterproof : . 572 
Wamp Holophote2 si. a. eek 
Lamp-hour, ; e Shree at Seep 
Lamp, Incandescent . 321 


Lamp, Incandescent, Chamber of . 113 
Lamp, Incandescent, Three Fila- 


SrMent 2 : . 822 
Lamp, Life of Incandescent 5 SOE 
Lamp, Lighthouse . 4 : . 822 
Lamp, Monophote 5 : se (ORL 
Lamp, Pilot ; : F : . 823 
Lamp, Polyphote . é Store 
Lamp, Semi-Incandescent . 2 823 
Lamp-socket, . : s SiS eRe 
Lamps, Bank of F ; - 823 
Lane’s Electrometer, . ; 226 
Langdon Davies’ Rate Governor or 

Phonophone, 3 ; ; . 450 

Lenz’s Law, A ; ; - 825 
Lap Joint, i ; 5 ee oO 
Lap Winding, sbi tolnetce peer mek es) 
Latent Electricity, : s . 823 
Lateral Discharge, . 5 : . 188 
Lateral Induction, ; : . 802 
Latitude, Magnetic 3 : . . 348 
Law, J acobi’s s : . 809 
Law, Kohlrausch’s . i 5 31? 
Law, Lenz’s . P 54 2020 
Law of Angular Currents, ; . 165 


Law of Electrolysis, . . . 218 
Law of Intermediate Metals, . . 323 
Law of Inverse Squares, . © 3823 
Law of Magnetic Attraction and 
Repulsion, Coulomb’s . . 
Law of Successive Temperatures, 324 


Law, Magnus’ 3 : : iss 

Law, Ohm’s . cs 2 . 396 
Law, Pfliiger’s . : . 409 
Law, Right LE e Screw . . 824 
Law, Sine . . ; . 486 
Laws, Kirchoff’s 817 


Laws of Thermo-electricity, Bec- 
querel's ° ° “ $ Rozalfe: 
Law, Tangent See CE ee oe Oe 
Law, Voltametric . . ‘ 3564 
Lead q ® © © ° ) @ 824 


Pa 
Lead, Angleof. —. p ? ; 3 
Lead’ Chloride Battery, ; i 66 
Lead of Brushes, : . 90 
Lead of Brushes, Negative é e824 
Lead, Peroxide of, Battery — . - 69 
Lead’ Sulphate Battery, ‘ 3666 
. Lead Tee, . Roy . 504 
Leading OEee § : : . 324 
Leading-in Wires, 3 ; ; - 824 
Leak, 0 : : : - 3824 
Leakage, : : A - 824 
Leakage Conductor, | ; : eS 5) 
Leakage, Electro-magnetic ‘ . 215 
Leakage, Magnetic : Spee Ode 
Leakage, Surface . - 498 
Leclanché Agglomerate Battery, 66 
Leclanché Battery, . . 66 
Leg’of Circuit, . 5 : Soe 
Legal Ohm, aes : : . 395 
Legal Quadrant, és : : . 444 
Legal Volt, Hie aoe ; : . 568 
Length of Spark, . : : - 490 
Letter Boxes, Electric . eoesnt 525) 
Leyden Jar, . : 2 O25 
Leyden Jar, Armature of j . 46 
Leyden Jars, pa of 68 


Leyden Jars, Charging and Dis- 


charging 


108 
Leyden Jars, Sir William Thomson’ S 826; 
327 


Lichtenberg’s Figures, ; 

Life Curve, ; - 171 
Life of Incandescent Lamp, peep 
Light, Electro-inagnetic, Theory of 219 


Light, Maxwell’s Theory of . . 869 
Lighthouse Lamp, nie emia GP 
Lightning, Cees : - 827 
Lightning Arrester, : 828 - 
Lightning Arrester, Counter-elec- 
tro-motive Force . ; - 829 
Lightning Arrester Plates, — . . 829 
Lightning Arrester, Vacuum CeeIORe 
Lightning, Ascending : . 830 
Lightning, Globe or Globular . | 330 
Lightning Jar, . - 830 


Hie hiaing 1 Back Stroke or Shock 
: 55 
Lime, Chloride of, Battery ‘ eRe 


Limit, Magnetic : : . 348 
Limit of Magnetization, 5 «7 801 
Linear Current, “ : . 164 
Lineman’s Detector, 5 . 180 
Line of Commutator, Neutral . 390 
Line of Contact, . 5 ; . 830 
Line of Force, Kapp ‘ - 312 
Line of Magnet, Neutral. + 22368 
Line or Telegraph Insulator, . . 806 
Lines, Halleyan . ; : . 3808 
Lines, Isoclinic . : . : - 308 
Lines, Isodynamic . F : ats (Ue: 
Lines, Isogonal : ; : 308 
Lines, Isogonic . ;: : .. 308 
Lines of Force, oe . _~« 830 
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Lines of Force, Cutting of . 175 Magnet, . : 
Lines of Force, Blectro-magnetic . 219 Magnet, Anomalous 
Lines of Force, Electrostatic 234 Magnet, Artificial . 
Lines of Force, Magnetic . 348 Magnet, Axial . 
Lines of Induction, 330 Magnet, Bar . 
Lines of Slope, . . 330 | Magnet, Bell Shaped ; 
Lines or Points of Least Sparking, 490 Magnet Coils, Sheath for 

. 550 | Magnet, Compensating 


Lines, Trunk . : 
Links, Fuse 


Liquids, Electro- dynamic Rotation i 
f 


Oo 
Liquids, Electromagnetic Rotation 
of ; : 


e 


Liquor, Spent. . 491 
Listening Cam, 330 
Lithanode, . 331 
Woaders 23s 331 
Load Curve, 172 
Load of Armature, 46 
Local Action, . 831 
Local Battery, 331 
Local Circuit, . 831 
Local Currents, 163-331 
Localization, . 301 
Locus,. ; 331 
Lodestone, : . 332 
Logarithm, . . . 3882 
Logarithms, Hyperbolic ; : . 389 
Logarithms, Napierian . . 3889 
Local Battery, . 66 


Long Coil Magnet ; : 
Long Range Electro-magnet, : 
Long Shunt and Series Winding, 


Long Shunt Winding 579 
Loop, : : Be cats 2 
oes Break, . : ; 3 - 832 
Loop, Circuit 5 eae rei 673) 
Loop, Drip . 2 : 5 sale 
Lost Amperes, ~ ; : ; 30 
Lost Volts, . 571 
Low Vacuum, 557 
Luces, 332 
Luminous Jar, 332 
Luminous Pane, . 401 
Luminous Tube, 550 
Lux, ; . 332 
MMi, 3 . 832 
Machine, Cylinder Electric . 333 
Machine, Electric, Wimshurst etsy tT 
Machine, Frictional Electric 333 
Machine, Holtz Influence . 3834 
Machine, Hydro-electric 293 
Machine, Influence . 2 . 334 
Machine, Nairne’s Electrical 389 
Machine, Plate Electrical . 417 
Machine, Rheostatic . 472 
Machine, Toeppler-Holtz . 334 
Machine, Wimshurst 335 
Mack, . é . 835 
Magic Circle, 5 119 
Magne-crystallic Action, 3 . 885 


Magnet, Compound . 
Magnet, Controlling 
Magnet, Damping 
Magnet, Deflection of 
Magnet, Directing 
Magnet, Electro- 
Magnet, Equator of 
Magnet, Field 
Magnet, Haarlem 
Magnet, Heating . 
Magnet, Horseshoe 


| Magnet, Ironclad . : 
' Magnet, Joule’s Electro- 
Magnet-keeper, 


Magnet, Lamination of 
Magnet, Long Coil . 
Magnet, Natural . 
Magnet, Neutral Line of 
Magnet, Normal . 3 
Magnet Operation, . ; 
Magnet, Permanent . 
Magnet Pole, . 


Magnet, Portative Power of _ 
Magnet, Projecting Power ofa 


Magnet, Relay 
Magnet, Simple 5 
Magnet, Solenoidal 
Magnet, Sucking. 
Magnet, Unipolar . 
Magnet Coil, 


Magnet Core, 


Magnet Poles, Secondary 
Magnet Pole, Unit 


. Magnetic Adherence, : 
Magnetic and Electro-magnetic 
Equipotential Surface, . é 


Magnetic Attraction, 


Magnetic Attraction and Repuision, 


Coulomb’s Law of 
Magnetic Axis, . 
Magnetic Azimuth, 
Magnetic Battery, 
Magnetic Bridge, . ° 
Magnetic Circuit, : 


Magnetic Circuit, Curve of Satura- 


tion of 


Magnetic Concentration of Ores, 


Magnetic Concentrator, 
Magnetic Continuity, : 


Magnetic Conductance and ‘Con- 


ductivity, . 
Magnetic Control, . : 
Magnetic Couple, x ; 
Magnetic Creeping,. . 
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Magnetic Curves, « 341 | Magnetic Potential, 350-431 


Magnetic Cut Out, . alr 4s) 
Magnetic Declination, . . 842 
Magnetic Density, . . 842 
Magnetic Dip, - : 342-346 
Magnetic Discontinuity, 342 
Magnetic Double Circuit, 340 
Magnetic Eye, Electro- -. 248 
Magnetic Elements, 342 
Magnetic Elongation, 344 
Magnetic Equator, : : 844 
Magnetic False Poles, 350 
Magnetic, Ferro- . 5 6 252 
Magnetic Field, Intensity of a 306 
Magnetic Field of Force, 344 
Magnetic Field, Uniform 345 
Magnetic Figures, 345 
Magnetic Filament, : 345 
Magnetic Fluid, North 357 | 
Magnetic Fluids, . : 345 
Magnetic Flux, . -; 345 
Magnetic Force, suttaets . 346 
Magnetic Friction, 295-346 
Magnetic Friction Gear, . . 276 
Magnetic Fluid, South 356 
Magnetic Foci, . : . 259 
Magnetic Gear, . 346 
,Magnetic Hysteresis, . 294 
‘Magnetic Inclination, . . 346 
‘Magnetic Induction, . 802 


‘Magnetic Induction, Apparent Co- 


. efficient of 
Magnetic i 
of . : SENS 
Magnetic Induction, Dynamic 
Magnetic Induction, Static 
Magnetic Induction, Tube of 
Magnetic Inductive Capacity, 
Magnetic Inertia, - : Z 
Magnetic Influence, . : 
Magnetic Insulation, 
Magnetic Intensity,.  - 
Magnetic Lag, : 
Magnetic Latitude, . : 
Magnetic Leakage, § 
Magnetic Limit, g ; 
Magnetic Lines of Force, 
Magnetic Mass, ; 2 
Magnetic Matter, - 
Magnetic Memorv, - 
Magnetic Meridian, 
Magnetic Moment, . 
Magnetic Needle, . 


Magnetic. Needle, Declination ‘of 
t e. 


hess. é : ; 
Magnetic Needle, Dip of : 
Magnetic Needle, Oscillation of a 
Magnetic Output, ‘ 
Magnetic Parallels, 
Magnetic Permeability, 
Magnetic Perturbations, 
Magnetic Poles, : 5 ‘: 


Induction, Coefficient - 
Sion, EPR 


346 


Magnetic Proof Piece, . : 
Magnetic Proof Plane, : = 350 


Magnetic Quantity, . : : . 350 
Magnetic Reluctance, . 5 351-458 
Magnetic Reluctivity, . : . 351 
Magnetic Remanence, . 5 <2 O8 
Magnetic Repulsion, 2 : . 338 
Magnetic Resistance, .. - . 458 
Magnetic Retentivity, . .. 351 
Magnetic Rotatory Polarization, 351 
Magnetic Saturation, : : Su ool 
Magnetic Screen, -. : . a OO 
. Magnetic Self-induction, ; - 352 


Magnetic Separator, . ; - 938d2 
Magnetic Shell, : : ; . 352 
Magnetic Shell, Strength of ai BOOe 
Magnetic Shield, - . 

Magnetic Shunt, . 4 ; . 353 
Magnetic Storms, . A ; 
Magnetic Strain, .. : . 304 


Magnetic Stress, ; ; . . 354 
Magnetic Susceptibility, —- 254-359 
' Magnetic Tick, . ent é . 34 
Magnetic Top, 5 & : 5 4b42 
Magnetic Twist, : : 3 . 354 


Magnetic Vane Ammeter, . 5 27 
Magnetic Variations, : : 
Magnetism, Ampére’s Theory of 354 
Magnetism, Blue . - |. 355 
Magnetism, Components of Earth’s 356 
Magnetism, Creeping of - 856 


Magnetism, Decay of . : . 856 
Magnetism, Discharge of é . 356 
Magnetism, Electro- 220 


Magnetism, Ewing’s Theory of . 356 
Magnetism, Free . ees +) 82000 
Magnetism, Hughes’ Theory of = . 35% 
Meeneusw Lamellar Distribution 

of . ; ; 


Magnetism of Gases, Sores . 3857 
Magnetism, Red é 0 5 . 357 
Magnetism, Residual . : AB De. 


Magnetism, Solenoidal Distribution 


of 3 Fee. sense : 
Magnetism, Sub-permanent . . 358 
Magnetism, Terrestrial as 
Magnetism, Weber’s Theory of . . 358 
Magnetization by the Earth, . 359 
Magnetization by Double T ouch, . 358 
Magnetization by Separate Touch, 359 
Magnetization by Single Touch, . 359 
Magnetization, Coefficient of. In- 

duced . : HS : : 
Magnetization Curve, . : Mires YP 
Magnetization, Cycleof . 
Magnetization, Elias’ Method of — 360 
Magnetization, Hoffer’s Method of 360 
Magnetization, Intensity of *. 360 
Magnetization, Isthmus Method of 360 
Magnetization, Jacobi’s Method. 360 
Magnetization, Limit of . <ool 
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e ® e EEGs 
Magnetization, Maximum. - 361 Measurement, Absolute ee 
rates see ay Specie ; ae Meceurements, : Sees 370 
agnetization, Surface 5 echanical Equivalen at, 286 
Mas neuzing Coil, iat Mechanica Beerey: : er ma vet 
agneto, . 2 3 echanical Equivalen seen 
Magneto Bell, : 80 | Medical Bartery, 5 aoe Z if 
Magneto Call Bell, . 361 Medium, Polarization of the : " 424 
Magneto-electric, . : 361 Meg or Mega, . ‘j aes 870 
Magneto-electric Brake, . 362 Meidinger’s Battery : : -68 
Magneto-electric Generator, 862 Memoria Technica Ampére’ ; 30 
Magneto-electric Generator, or Memory, Magnetic ; 349 
s DSP Piashine ina 257 | Mercury, . : So aya 
agneto-electric Key, . : 315 Mercur Bichromate, tery, 
Magneto-electric Telegraph, . 512 Mercury Circuit ees 131 
Magnetograph, 3 363 Mercury Cups, 5 see, : : 371 
Magneto-inductor, -  - 363 | Mercury, Sulphate of, Battery 67 
Magnetometer, - -..- 363 | Mercurial Air Pump, . . . 16 
Magnetometer, Differential . 365 Meridian, Astronomical 5 : : - 372 
Magnetometry, _. + - 864 | Meridian, Geographic . a Oe 
Magneto-motive Force, . . 865 | Meridian, Magnetic. . . 349 
Magnetophone, . 3 367 | Merit, Figure of . See 9 OL 
Magnetoscope, . pa ter a ere 865 |° Merit, Formulaof . peer ae 256 
Magnifying Spring Ammeter, 28 | Metal, Gilding A a d O77 
Magnus’ Law, . . : ; 367 Metallic Arc, .« . 5 89 
Main Battery, - .- 66 | Metallic Circuit, . . . 125 
Main Battery Circuit, . 125 | Metallochromes, ce) eee 808 
Main Circuit, . . 3 125 Metallurgy, Electro- A ; * 929 
van or Standard Feeder, 251 Metals, Law of Intermediate . . 323 
ene) Electric : an Hehe Alternating Current Soto 
ca ; ; : ; ; e 
Make'and Break Current, | ae ee ae 
Make and Break Key, . 316 | Meter, Balance Ampere. Los esol 
Make-induced Current, 163 Meter Bridge, . 3 . 3 old 
Melaptenunlss 5 eee 367 | Meter Bridge,Slide . . . 486 
Mee, Declination . 309 | ‘Meter Gandle, .-. sf45.04.3- 4, 874 
Maps Pactinavion riot 297 Meter, Chemical Electric . . 3% 
aa Beoctinte oe wee. 108. |) Meter, Current ei eG 
Map, feodynamuc oe 308 Meter, Electro-magnetic . o> 895 
eee sogonic : ; - 3809 Meter, Energy . : Sena . 8% 
arié Davy's Battery, . 67. |. Meter Gram Standard Resistance 
Marine Galvanometer, ' 269 Matthiesen’s : ; ” 466 
uiguiner's Compass, . 142 | Meter-millimeter, . Bipecetnee s 375 
a ed ue or Pole, 368 | Meter-millimeter Unit of Resistance 466 
Maca c oint, 310 Meter, Neutral Wire Ampere . . 391 
is Sctric ia. 368 | Meter, Quantity . 5 Ree ee Ft) 
Mass, Magnetic 349 Meters, Ampere : : ; . 380 
Master Clock, Sey, 127 |. Meter, Thermal-Electric . . 87% 
athematical Element, . 237 | Meter, Time Electric ; 375 
Matteueci’s Experiment, 369 Meter, Watt . . ; eee Sys 
Matter, Electric . 868 | Method, Broadside . ; 2 3289 
Matter, Fourth State of 261 Method, Deflection : wh 178 
Matter, Magnetic . . 849 | Method, End on i ae ee eae 
Matters Radiant 3868 Method, Idiostatic : ; . 295 
atter, Ultra Gaseous. . . 551 | Method, Multiple Wire . ; 388 
Matchicssen's Meter-gram Standard Method, Null - ‘ ‘ "393 
esistance,. . : : . 466 Method of Magnetization, Eli Bre 
eee s Unit of Resistance 466 Method of Magnet aion: Tethnus 360 
een Electric Floor 369 Method of Magnetization, Jacobi’s 360 
aximum Magnetization, . 361 Methven Standard or Screen 76 
Maxwell’s Theory of Light, 369 | Mho, A ‘ ; * 376 
Mayer’s Floating Magnet, . 370 | Mica, . ( 2 ee Beer U6 
Maynooth’s Battery, A 67 | Mica, Moulded ‘ A 3 276 
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Micro, 5 ‘ é 
Micrometer, 


Micrometer, Arc 
Micrometer, Spark 

Micron, A 5 
Microphone, 

Microphone Relay, 
Microscope, Photo- electric ; 
Microtasimeter, ; 
Mil, . i 

Mil, Circular. 

Mil-foot, 


Mil-foot "Unit o of Resistance, : 


Milli, 3 
Milligram, . 
Millimeter, . ; 
Milli-oerstedt, . 
Mil, Square . s 
Minute, Ampere- ; 
_ Mirror Galvanometer, 
Mixed Gases, . 
mm., : ‘5 
Molar, ; - 
Molar Energy, A 
Molecular Affinity, 
Molecular Attraction, 
Molecular Bombardment, 
Molecular Chain, . 
Molecular Energy, 
Molecular Heat, 
Molecular Rigidity, . 
Molecular Shadow, 
Molecule, s 
Moment, 
Moment, Ma netic 
Moment of ouple, 
Moment, Turning 
Monophote Lamp, 
Mordey Effect, 
Morse Receiver, : A 
Morse Recorder, 
Morse Telegraph, 
Mortar, Electric : 
Motion, Currentsof. . 
Motograph, Electro- 


Motor, Compound or Compound 


Wound, : 
Motor, Differential 5 
Motor, Dynamo 
Motor, Electric : 
Motor, Electro- 


Motor, Electro- motive Force 4 


Motor-generator, 

Motor, Multiphase, . 
Motor, Overtype 

Motor, Prime 

Motor, Pulsating 

Motor, Pyromagnetic 
Motor, Reciprocating 
Motor, Series 

Motor, Shunt = 
Moulded Mica, . : ; 


LNDEX. 
Page. Page. 
. 846 | Moulding, once y her caeet ae Cade 
. 876 Movable Secondary, ° . « 477%. 
39-376 Mud, Battery : é : $ 68 
oi 400 Multiphase Currents, “ a - 166 
. 376 Multiphase Motors a . . 884. 
<esoro.) Multiple; —. : ° : . 386 
377-457 Multiple Arc, ; : - 38% 
. 410 Multiple Arc Box, . 387 
eos Multiple Connected Battery, . 68 
. 3879 | Multiple-series, : . 887-480 
- 309 Multiple Switch, . : Pe! 
379 Multiple Switch Board, 0 ; . 887 
. 467 | Multiple Transformer, . ; . 548 
879 | Multiple Winding, ... 4 . 579 
379 | Multiple Wire Method, : 388 
. 379 Multiplex Harmonic Telegraph, . 510 
880 | Multiplex Telegraph, . . 514 
879 | Multiplex Telegraphy, Z ; . 388 
- 30 | Multiplier, Schweigger’s . - 476 
ty eer YO Multiplying Power, . 847-349 
. 275 | Multiplying Power ‘of a Shunt, - 3888 
880 | Multipolar Armature, . - 46 
. 880 | Multipolar Dynamo, . : - 200 
241 | Multipolar Electric Bath, Hae Sets 
. 880 | Multipolar Winding, . ; . 579 
. 880 |} Muscular Pile, . - 388 
. 880 | Mutual Electro-magnetic Induction, 302 
380 | Mutual Electrostatic Induction, . 303 
. 241 Mutual Induction, Coefficient of 301 
286 Mutual Induction Protector, Raeec fey | 
wert Myria, . ; : ‘ ii kp ROSS 

0 

380 Wrairne’s Electrical Machine, . 389 
381 | Napierian Logarithms, . “ <4 389 
. 849 | Nascent State, . ae : . 389 
544 Natural Currents, . 166-389 
. 544 | Natural Magnet, . : ; . 861 
321 Needle, . : : . 3889 
. 381 Needle Annunciator, : : - 35 
381 | Needle, Astatic . . : - 50 
. 451 Needle, Dipping ‘ s Sepererecis a ks 
512 | Needle, Magnetic . 349 
. 3882 Needle, Orientation of a Magnetic 39T 
5 167-|- Needle ‘of Oscillation, . : 389 
. 229 | Needle Telegraph, Single ; . 519 
Needle, Telegraphic 3 tt aeooe 
82 Negative Charge, : : . . 389 
382 Negative Current, ; ; . 164 
200 | Negative Electricity, { ore OO 
. 882 | Negative, Electro- : tear a 7 t) 
229 Negative Element, . : : . 390 
. 884 Negative Feeder, : . 21 
384 | Negative Lead of Brushes, : . 824 
884 | Negative Plate, . : . 417. 
399 | Negative Pole, 5 . ; . 425 
. 885 Negative Potential, : : . 482 
$86 | Negative Side of Circuit, ; - 125 
442 | Nerve and Muscle Current, - 164 
385 Nerve Currents, ; : : . 390 
. 386 Net Efficiency, : ; A - 205 
386 Net, Faraday’s , : E . 250 
. 876 | Network, 5 é ; 3 . 990 





Neutral Armature, 

Neutral Feeder, . 

Neutral Line of Commutator, : 
Neutral Line of Magnet, 
Neutral Point, . 

Neutral Point of Commutator, 
Neutral Point, Thermo-electric 
Neutral Relay Armature, 
Neutral Temperature, 

Neutral Wire, ; 

N HP. Wire poppers Meter, F 


Niaudet’s Battery, 
Nickel, . 

Nickel Bath, 3 
Night Bell, 


Nitric Acid Battery, 
Nobili’s Rings, 
Nodal Point, . 
Nodular Deposit, 


_ Nominal-Candle Power, 


Non-conductor, 
Non-essential Resistance, 
Non-inductive Resistance, 
Non-polar Dynamo, . 
Non-polarizable Electrodes, 
Non-Polarized Armature, 
Normal Magnet, _. 
North Magnetic Fluid, 
North Pole, . 

North Seeking Pole, 

Null Method, 

Null Point, 


@cclusion, . 
Oerstedt, . 

Oerstedt’s Discovery, 
Oerstedt, Milli- 

Ohm, j 3 
Ohmage, 

Ohm, B. A 

Ohm, Board of Trade 
Ohm, Congress 

Ohmic Resistance, 
Ohm, Legal . 4 
Ohmmeter, é 
Ohm, Rayleigh — 

Ohm's Law, 

Ohm, True 

Oil Insulation, 

Oil Transformer, ; 
Old Armature, Siemens’ 
Olefiant Gas, . 3 
Omnibus Bar, 

Omnibus Rod, 

Omnibus Wire, ; 

One Coil Electro-magnet, 
Open, . 5 

Open Circuit, 6 ; 
Open Circuit’ Battery, 
Open Circuit Induction, 
Open Circuit Oscillation. ; 
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Page. Page 
- 46 | Open Coil Armature, “46 
251 Open Coil Dynamos 200 
390 | Opening Shock, . 482 
361 Operation, Magnet d . 865 
421 Opposed Current, 164 
390 Optics, Electro-  . ; . 229 
. 390 Orders of Currents, 5 167 
46-390 | Ordinate, . 397 
. 890 | Ordinates, Axis of : 54-397 
390 | Ores, Electric Reduction of . 453 
. 391 Ores, Magnetic Concentration of 340 
. 891 Organ, Electric s . 397 
. 61 | Orientation of 4 Magnetic Needle, 397 
. 891 | Origin of Co-ordinates, . 397 
. 391 Oscillation, Centre of 112 
. 892 Oscillation, Electric . 398 
. 68 Oscillation, Needle of 389 
~. . 892 Oscillation, Open Circuit 397 
. 422 Oscillatory, E 23 
Bere Ly Oscillatory Discharge, 188 
. 101 Oscillatory Displacement, . 398 
. 392 Oscillatory Electro-motive Force, . 398 
465-467 Oscillatory Impedance, . 297 
3 AGT Oscillatory Induction, 398 
. 200 Osmose, Electric 398 
210 | Outlet, ‘ : 0% 399 
46 Output, : 399 
361 Output, Magnetic . 399 
. 857 Output, Unit of 399 
392 Over-compounding, : 399 
. 393 Over, Flashing : 258 
393 Overflow Alarm, é 18 
. 422 | Over-house Telestaphs 515 
Overload, . 3899 
393 Overtype Dynamo or Motor, 399 
. 394 Oxide of COPPSE Bate 68 
394 | Ozone, 399 

. 380 
394 FPacinotti’s Inductor, . 400 
. 894 | Pacinotti’s Ring, 400 
394 Pacinotti Teeth, 400 
. 894 | Page Effect, .. 401 
395 Page’s Revolving Armature, 47 
394-467 | Paillard Alloys, . : 400 
395 | Palladium, . . 401 
. 895 Pane, Fulminating weeieoe 
396 Pane, Luminous _. 401 
. 396 Pantelegraphy, ; 402-510 
396 | Paper Filaments, . 402 
. 396 Parabola,_. 402 
548 | Parabolic Reflector, : - 402 
49 Paraffine, ‘ : 402 
397 Paraffine Wax, . A - 402 
94 | Paragréles, . : 403 
94 Parallax, - 403 
94 | Parallel, é 403 
219 | Parallel Circuits, 123-126 
. 897 | Parallelogram of Forces, 260 
125 Parallels, Magnetic . 349 
68 Paramagnetic, 4 403 
303 | Paramagnetism, . 404 
. 897 | Parasitical Currents, - 163 














Photometer, Calorimetric 
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Page. Page 
Parchmentizing, : : . . 404 | Photometer, Dispersion . ; . 412 
Partial Current, 164 Photometer, Shadow . strate 
Partial Earth, 203-404 Photometer, Translucent Disc - 412 
Partial Vacuum, 557 Photophore, . : : ein 4l5 
‘Passive State, if . 404 Photo-voltaic Effect, ; 2 . 415 
Path, Alternative . 24 Physical Energy, . -- 6 - 241 
fod Da : . 404 Physiology, Electro- : : » 231 
Peltier’s Cross, 405 Piano, Electric : ; : . 415 
Peltier Effect, 404 | Pickle, : ; ; 5 . 415 
Pen, Electric 405 Picture, Electric. eee halo 
Pendant Cord, . ; - 405 Piece, Bed . j : Ray ts: 
Pendulum Circuit Breaker, . 121 -| -Piece, Magnetic ‘Proof . ‘ - 350 
Pendulum, Electric . . 405 Piece, Pole : : E ; - 423 
Pendulum or Swinging Annuncia- Pierced Core- discs, ; - e2 adoe 
tor, : 35 Pile; . 415 
Pentane Standard, ‘Harcourt’s 406 Pile, Differential Thermo-electric 533 
Pentode Working, 581 Pile, Muscular . - 388 
Percussion, Centre of 112 | Pile or Battery, Thermo-electric 530 
Perforated “Armature, 45 Pilot Brush, : ; wee 3 91 
Perforated Core Discs, . 154 Pilot Lamp, ; : : «823 
Perforator, C 407 Pilot Transformer, ; : ‘ . 415 
Period, : 407 Pilot Wires, . ; 4 : - 415 
Period, Vibration . 560 | Pistol, Electric . : ; : . 416 
Periodic, - 23 Pith, : . 416 
- Periodic Current, Power of 433 Pith Ball Blectroscope, é : . 234 
-Periodicity, ; 262-408 | Pith-balls, , : - 416 
Peripolar Zone, 582 Pivoted Armature, : : ; BIE CY 
Permanency, . 408 Pivot Suspension, . ; - 416 
Permanent Magnet, : 365 Plane, Magnetic Proof . geet oo) 
“Permanent Magnet Ammeter, 28 Plant, ‘ ; ‘ 4 « VAL? 
“Permanent State, . 408 Plant Electricity, ; ; - - 417 
Permeability, 846-349 | Plant, Isolated : : . 809 
Permeability temperature Cue; 174 | Plan‘é’s Secondary Battery, : nae 
Permeameter, : . 408 Plate, Arrester é a EL (1 
Permeance, 408 Plate Condenser, é serene 417 
Peroxide of Lead Battery, 69 Plate, Earth : - 203 
Perturbations, Magnetic 350 | Plate Electrical Machine, 6 . 417 
Pfltiger’s Law, : 409 Plate, Franklin’s . : A - 262 
Phantom Wires, 409 | Plate, Generating . : ; 3 Ahk 
.Phase, : . 409 Plate, Ground : ‘ : 2 ANY, 
Phase, Retardation of . 471 Plate, Negative : : é . 417 
Phenomenon, Porret’s - 427 Plate, Positive SERS SB en RAL 
Pherope, 409-527 Plating Balance, : : ; - 417 
Philosopher’ Ss Egg, ; . 409 | Plating Bath, 5 : : . 418 
Phonautograph, . . 409 Plating, Electro- : ; . 418 
Phone, A . 409 Platinized Capen Battery, ; ; 69 
Phonic Wheel, . 409 Platinoid, . ; - 418 
Phonograph, . 410 ‘Platinum, : es ~ 419 
Phonophone or Rate Governor, Platinum Alloy, 3 ; ery’ kt!) 
Langdon Davies’ . 450 | Platinum Black, . A ~ 419 
Phonozenograph, -. 410 Platinum Silver Alloy, — . : . 419 
‘Phosphorescence, . . 410 Platinum sponse: : : : pee CY) 
Phosphorous, Electrical Reduction Play, End . States : . 2388 
of 410 Plow, : . ; - 420 
Photo-electric Microscope, — . 410 | Pliicker Tubes, : 5 . : - 420 
Photo-electricity, . j e410 + blag ; 5 : - 420 
Photo-electro-motive Force, ; . 410 iis, Cut Out, 5 : ; : td 
Photoimeter, .. : é . . 411 Plug, Double . : 5 : Rees Uy 
Photometer, Actinic - 411 Plug, Grid 3 ° : ; . 420 
Photometer, Bars 411 Plug, Infinity : : , 305-420 
Photometer, Bunsen’s - 412 Plug Key, . : : 5 ; . 316 


412 | Plug Switch, , Pm arene yaa?!) 
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Page. Page 
Plumbago, Kole A GRE aE ; 421 |. Pole, Positive: . Ss al nee ; 
Plunge Battery, 0. = 8 69 | Pole, Salient . : Sorc - 426 
Plunger, ; : . 421 Pole, Terminal . ; : : . 529 
Plunger and Coil, “1-281 | Pole Tips, : . «290426 
Plunger and Coil, Differential , 182 Pole, Traveling ‘ : ; . 426 
Plunger, Coil and . 5 : ta lok Pole, Unit Magnet ; ; . 866 
Plunger Electro-magnet, ‘ . 220 Poles, 5 ‘ ‘ . 425 
Pneumatic Battery, é 69 Poles, Compensating ; 3 . 426 
Pneumatic Signals, Blectro- ; . 231 Poles, Consequent . ; . . 146 
P. O., 3 Saal Poles, Idle = : : é . . 296 
Pockets, Armature ‘ : ‘ . 47 Poles, Magnetic ; A ete COU. 
Poggendorf’s Solution, é .. 42i Poles, Magnetic, Faise : . - 850 
Point, Contact . F behcais . 147 Poles of Intensity, . ; oct ies 486 
Point, Indifferent . : E . 421 Poles of Verticity, : d 426-560 
Point, Neutral . 3 : : . 421 Poles, Point 3 : : , . 422 
Point, Nodal... ; : . 422 Poles, Secondary ; <2 4t8 
Point, Null : . 422 Poles, Secondary Magnet : . 366 
Point of Commutator, Neutral £2 52000 Polyphase Currents, . .- « eal 67 
Point Poles, ; ‘ : . 422 | Polyphote Lamp, . : . . 323 
Points, Consequent. : ; . 422 | Popgun, Electric . ; : - 282 
Points, Corresponding . 5 . 422 Porous Cell, : ; : - » ART 
Points, Iso-electric : 4 422 Porous Cup, : : ; 159-426 
Points of Derivation, ; _ 180-423 Porret’s Phenomenon, , : . 427 
Point, Thermo-electric Newt SOOO Portative Power of Magnet, _ . 866 
Polar Angle, Sat . 428 | Portelectric Railroad, . : . 427 
Polar Extension, . ; : . 423 | Portrait, Electric . .. 4 . 415 
Polarity, Diamagnetic . . 181-428 Position, Energy of . ; : ; 241 
Polarity, Resultant : 3 . 470 | Position Finder, . : ; ~- 427 
Polarization, : . 423 Position, Sighted ; ; : . 484 
Polarization, Back Electro-motive Positive Current, . : ; . 164 
force of A é . : Positive Direction, . : oe 428 
Polarization Capacity, ; j . 424 Positive Electricity, . 3 - 428 
Polarization, Dielectric . : . 188 Positive Element, . ; . ers 
Polarization, Galvanic . .. 265 Positive Feeder,.~. ‘ 6 sre 
Polarization, Magnetic Rotary Sool Positive Plate, ; . 277-417 
Polarization ‘of the Medium, . 424 Positive Pole, 3 : oe e425 
Polarized Armature, 5 : . 4 Positive Potential, . ‘ : - 482 
Polarized Electro-magnet, . ~ 220 Positive Side of Circuit, otek akoreleD 
Polarized Relay, : . 458 | Post Office, : - 428 
Polarized Relay, Tongue ‘of .. 642 Posts, Binding, or Screws, A er L 
Polarizing Current, . F : . 164 Potential, ‘ ‘ doin. 3 428 
Polar Region, : : : . 424 | Potential, Absolute ata ts .. 428 
Polar Span, ; ; . 424 | Potential, Constant . g . 429 
Polar Span, Angle Of : 32.423 | Potential ‘Difference, Contact . 147 
Polar Tips, 3 . : . 423 | Potential Difference, Electric . 429 


Polar Zone, 

Pole, Analogous 

Pole, Antilogous 

Pole, Armature 

Pole, Austral . 

Pole, Boreal : ; 
Pole Brackets, Telegraph 
Pole Changer, . : 
Pole Changing Switch, 
Pole Dynamo, Interior 
Pole, Magnet 

Pole, Negative . 

Pole, North . 

Pole, N orth-seeking . 

Pole or End, Mee 
Pole Piece, 3 

Pole Pieces, . A 


582 Potential Difference, Electro-motive 429 


"31-495 Potential, Electric Absolute 
e425 Potential, Fallof . : 
47 Potential Galvanometer, 5 


54 Potential in Armature, Curve of 


e 430 
269 


2 85 Distribution of 
. 515 Potential, Magnetic 350-431 
. 425 Potential, Negative . . 4382 
501 Potential or Static Energy, « 7-24 
= 2199 Potential, Positive ©. F . 482 
. 866 | Potential "Regulation, Constant . 455 
- 425 Potential, Unit of Blectric - 432 
392 Potential, Zero 432-582 
. 893 | Potentiometer, . - 482 
. 368 Poundal, : 7 ‘ - 433 
. 423 Pound-foot, 3 sj . : - 259 
425 | Power, . ; Se eee ueret 5) 
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Powef,Candle. . . . . 100 | Quadrantal Deviation, . . . 180 
Power, Directive . 4 ; Ce By, Sean Legal . ; ; . 444 
Power, Electric ; . : . 433 uadrant, Standard : : - 444 
Power, Horse : ; . 290 } Quadrature, : . 444 
Power, Illuminating : : . 296 Quadruplex Telegraph, 3 peta) I 
Power, Multiplying ; . 849 Qualitative, . : . 444 
Power of Magnet, Portative . . 366 Quality of Sound, ©. : : . 444 
Power of Periodic Current, . +433 Quantitative, . é : $ - 444 
Powers of Ten, . : A 5 . 527 Quantity, . 3 : ; . 444 
Power, Stray . ; so 49D Quantity Armature, . : Se A 
Power, Thermo-electric : : . 583 Quantity, Electric. , : . 444 
Press Button, : Z ; . 94 Quantity, Electro-magnetic . ~° 445 
Pressel, 0 A ; : : . 434 Quantity, Piece: maenete, Practi- 
Pressure, ‘ é ‘ . 4384 cal Unit of : : - 445 
Pressure, Electric . : . 434 uantity, Electrostatic . : - 445 
Pressure, Electrification by . 484 uantity Galvanometer, . . 269 
Primary, . i : . 484 Quantity, Magnetic . ; . . 350 
Primary Ampere-turns, : 31-551 Quantity Meters : : 5 - 445 
Pane Battery, . : : aoe tee : ; ‘ A - 445 
rime : 5 : : : uickin : ; : 
Prime Conductor, j : . 146-434 2 ee 
Prime Conductor, Costines ofa. 129 R, ; 5 ; - 446 
Prime Motor, . : < . 885 Racing of Motors, : : : . 446 
Principle, Gauss’ é ; : . 276 Radial Armature, . ; ; 5 47 
Printing Telegraph, . : 2 515 Radian,_. : ; ; . 446 
Probe, Electric . . . 435 Radiant Energy, é é : - 446 
Projecting Power of a Magnet, #02400 Radiant Matter, : : ; - 368 
Prony Brake, . - 4385 Radiation, . A : ; . 446 
Proof Piece, Magnetic ‘ . 3850 Radicals, . A : A : - 446 
Proof-plane, : : ; . 436 Radiometer, ; ‘ ‘ «= 144 
Proof Plane, Magnetic ; - 3890 Radiometer, Electric : ; . 447 
Proof-sphere, : 5 . 486 | Radio-micrometer, ‘ 3 - 447 
Proportional Galvanometer, . 269 Radiophony, 5 j . 447 
Proportionate Arms, 5 3 . 486 | Railroad, Bortelectate . : - 427 
Prostration, Electric. : . 437 Range Finder, ; 5 . : . 447 
Protector, Body ; ‘ : . 84 Rate Governor, . 449 
Protector,Comb_ . Banteay . 437 | Rate Governor or Phonophone, 
Protector, Electric . ‘ Rage arc OY Langdon Davies’ . : : 
Pull, Ren SURE a A 5 . . 487 | Rated Candle Power, Stree ee AON 
Pulsatory Current, . G ; . 164 Ratio Arms, . 5 : j - 437 
Pulsatory Field, . 4 ; - 256 | Ratio, Core : : : : - 154 
Pulsating Motor, ; ; ; . 886 Ratio, Shunt . : ; ; - 483 
Pulvermacher’s Electro - medical Ratio, Velocity . : : ‘ . 560 
Battery, : : : : - 69 Ray, Electric . ; : 3 - 450 
Pump, Geissler. : : Sea: Rayleigh Ohm, . : 6 : - 396 
Pump, Sprengel= 5-3 : - 489 | Reaction Coil, 182 
Pump, Swinburne ; : . 440 Reaction of a Dynamo Field and 
Pumping, . : : : . 439 Armature, ; ° - 450 
Puncture- electro, ; : « ) R02 Reaction of Degeneration, é . 179 
Puricture-galvano, ; : 232 | Reactions, Anodic. : ° 3 OO 
Push Button, . : ; .  93-98-440 Reactions, Armature : : . 47 
Push, Desk x : ; - 180 | Reaction Telephone, ; : Reyror-Y | 
Push, Floor = . : : : - 258 | Reaction Wheel, : . 259 
Pyro-electricity, ; : . 441 Reading Galvanometer, Direct . 269 
Pyromagnetic Generator, ; . 442 Reading, Sound ° ° ° . 489 
Pyromagnetic Motor, . : . 441 Reading Telescope, - 450 
Pyromagnetism, . . 443 ear Pane of Secondary Bat- 
Pyrometer, Siemens’ Electric - 448 - 205 
: Real “Fall Effect, : : ; . 284 
Q,. obits é on itis 443 | Réaumur Scale, ; ; ; . 450 
Gilad, 5 5 ° : ° 4 288- 443 Recalescence, : 3 A aol 


uadrant, é ° ° ° 288-448 | Receiver, . : : : : . 451 
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Receiver, Harmonic . j 284-451 | Replenisher, Sir Wm. Thomson’s . Sp 
Receiver, Morse ; . 3 . 881 | Repulsion, Magnetic . 338 
Receptive, Electro- : : . 282 | Repulsion and Attraction, Electro- 
Recharge, . : . : . 115 static 
Reciprocal, . : j . 451 | Repulsion and Attraction, Electro- 
Reciprocating Motor, : ; . 885 magnetic, . - ° 5 el’. 
Recoil Circuit, : : 6 . 125 | Reservoir,Common . : . 460 
Recorder, Chemical . ; ; . 117 | Residual Atmosphere, : : . 460 
Recorder, Morse 6 Sei . 451 | Residual Capacity, Alara . 103 
Recorder, Siphon . : ; . 452 | Residual Charge, . 3 , . 116 
Record, Telephone 451 | Residual Magnetism, .. . 358 
Rectification of Alcohol, Electric . 18 | Residue, Electric . ; . 116-460 
Rectified Current, . : . 164 | Resin, : : - 460 
Rectilinear Current, p ’ . 165 Resinous Electricity, : : - 461 
Red Varnish,. _. . 3 . 559 | Resistance, . saeaey . 461 
Red Magnetism, . ; : . 357 | Resistance, Apparent ; . 297-462 
Redressed Current, : ‘ . 165 | Resistance, Assymmetrical . . 462 
Reduced Resistance, : ; . 467 | Resistance ‘Box, 5 . 462 
Reducteur for Ammeter, . . 453 | Resistance, B. A. Unit of . . 462 
Reducteur for Voltmeter, : . 453 | Resistance "Box, Sliding ; . 463 
Reduction of Ores, Electric . 453 | Resistance, Breguet Unit of . 463 
Reduction of Phosphorous, Elec- Resistance Bridge, . ; : - 577 

trical . ; . 410 | Resistance Coil, : « 137 
Reflecting Galvanometer, : . 270 | Resistance Coil, Standard : . 464 
Reflector, Parabolic . ; . 402 | Resistance, Carbon dj ; . 463 
Refraction, Electric Double . 454 | Resistance, Combined. ; . 464 
Refraction, Electrostatic : . 235. | Resistance, Compensating . . 144 
Refreshing Action, Aiea . 454 | Resistance, Critical. . ; . 464 
Region, Extra-polar : . . 454 | Resistance, Dielectric. . 183-464 
Region, Intrapolar : é . 807 | Resistance, Digney Unit of . - 464 
Region, Polar . : A , . 424 | Resistance, Electrolytic sea 464 
Register, Electric . : ; . 454 | Resistance, English Absolute ‘or 
Register, Telegraphic. i . 454 Foot-second Unit of 
Regulation, Constant Current . 454 | Resistance, Equivalent : . 465 
Regulation, Constant Potential 455 | Resistance, Essential Bm yo . 465 
Regulation of Alternating Current Resistance, External .. . 465 

Dynamo, 5 . 195 | Resistance Frame, . . 465 
Regulation of Dynamos, : . 455 | Resistance, German Mile Unit of 466 
Reguline, . Gavia ois Bare : . 456 | Resistance, Hittorf’s : - 466 
Relative, : . . 456 | Resistance, Inductive . 5 . 466 
Relative Calibration, ; é - 98 Resistance, Insulation . = 466 
Relay, A Siege é . 456 | Resistance, Internal. . 466 
Relay Bell, 2 5 ; ; . 80 | Resistance, Jacobi’s Unit of . . 466 
Relay Bells, : . : . 457 | Resistance, Joint . ‘ . 464 
Relay, Box Sounding ; : . 457 | Resistance, Magnetic . x. 351-458 
Relay Connection, * : . 457 | Resistance, Matthiessen’s Meter- 


Relay, Differential 5 . . 457 
Relay Magnet, .. : Se Ne 


Relay, Microphone . ; . 3877-457 
Relay, Neutral, at mare ; - 890 
Relay, Polarized 5 : 457. 
Reluctance, . 5 ; . 458 


Reluctance, Magnetic 5 . 351-458 
Reluctance, Unitiot= =~. ; - 458 


Reluctivity, : ; . 459 
Reluctivity, Magnetic 2 : wok 
Remanence, 5 : . 459 
Remanence, Magnetic : 358 
Removal of Hair by Electrolysis, > ee 
Renovate, SD iet ts 115 

Repeater, . ° A . 459 


Repeater, Telegraph. ° Apne pre ho: 


gram Standardof . - 466 
Resistance, Matthiessen’s Unit of 466 
Scene. Meter-millimeter von 


Resistance, Mil-foot Unit of . . 467 
Resistance, Non-essential . 465-467 
Resistance, Non-inductive j . 467 


Resistance of Human Body . «467 
Resistance, Ohmic . £ . 394-467 
Resistance, Reduced - 467 
Resistance, Siemens’ Unit of . - 467 
Resistance, Specific 467 


Resistance, Specific Conduction — . 467 
Resistance, Spurious . : - 467 
Resistance, Steadying . : . 468 
Resistance, Swiss’ Unitof . . 468 
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Resistance, Thomson’s Unit of _. 468 Bines Electric . A : - 9392 
Resistance to Sparking, : . 490 | Rings, Nobili’s . ‘ . 392 
Resistance, True... 3 ; . 467 Ring, Split, Commutator ‘ <-141— 
Resistance, Unit . : . 468 {| Roaring, . : ; : . 474 
Resistance, Unit of, B. A. ; pecths) Rocker, . : ; 5 ; - 474 
Resistance, Varley’s . Baie) Rocker’ Arms, .-: ; : - 50-474 
Resistance, Varley’ s Unit of . . 468 | Rod, Bus : : = 94 
Resistance, Virtual ‘ 297 Rod, Discharging : : eee ats, 
Resistance, Weber’s Absolute Unit ae Rod, Omnibus : ; ; i 94 
‘Resolution of Forces, . 3 261 Roget’ s Spiral, . : ; : . 474 
Resonator, Electric 5 : 468-470 Rolling Armature, : : s 49 
Rest, Currentsof . . ; Rosin, . 460 
Resultant, : , : ; 490 Rotary Polarization, Magnetic Se Gil 
Resultant Polarity, ; 3 : - 470 Rotating Brush, ; z pay | 
‘Retardation, . ‘ : - 470 Rotating Field, 256 
Retardation of Phase, é ; - 471 Rotation of Liquids, Electro-dynamic 474, 
Retentivity, . j : . 471 | Rotation of Ficus Electro-mag- 
‘Retentivity, Magnetic ‘ ; . ool netic 6 . - 475 
Retort Carbon, . . ‘ i oe A Rotatory Currents, : ; or GY 
‘Return, : : A , - 471 Rubber, . : wiedes - 102-475 
Return Circuit, ‘ ; j . 125 | Rubber, India ; : premieartrcewn |) 
ARieturn.- Wath nc ; . 203 
Return’ Stroke, : : . 55 | G@addle Bracket, . : erg are a 53 
Reversal, T hermo-Electric : . 5383 Safety Catch, . A : ‘ - 175 
Reverse Current Working, . wezOol Safety Cut Out, . ; : sheslb 
Reverse-induced Current, : . 168 | Safety Device, . : : ‘ - 475 
Reverser, Current ; : Rea (G5) Safety Fuse, . 175-475 
Reversibility, . ; ieee Oeten A (l Safety Fuse, Plug, or Strip — 4 - 475 
Reversible Bridge, : ; 35 472 Sal Ammoniac Battery, Ras 69 
Reversing Key, : j ; . 816 | Salient Pole, . ° 5 ‘ - 426 
Reversing Switch, 4 ; = 501 Salt, Soils : ‘ ee (5) 
Revivify, . - solid) Salte Dronier’s . : : - 192 
Revolving Armature, Page’ Ss ; 47 Salt or Sea-salt Battery, ; z 69 
Rheochord, 4 . ° ons. 472 | Sand Battery, <. : ; ice cee OO 
Rheometer, . . ; ; . 472 Saturated, ‘ : 5 575246 
Rheomotor, .. ; 5 i - 472 Saturation, Magnetic 3 ae OOM 
‘Rheophore, . ; : ; Aare 4 Saw, Electric : ‘ 3 oe 4 One 
Rheoscope, 4 ; : : . 472 Scale, Fahrenheit . , : 2 248 
Rheoscopic 108. : 5 é . 262 | Scale, Réaumur. . : ; . 450 
Rheostat, . - : : 4p eracocales Tangent é ; ‘ » 502 
-Rheostat "Arm, - SPE Sats see hee Schweig ger’s Multiplier, 3 ena (GO 
Rheostatic Machine, : ; . 472 | Scratch Brushes, 5 i : Bey be 
-Rheostat, Wheatstone’s ‘ er 4 Screen, Electric . . : e476 
Rheotome, . ° 3 : ; 47 Screen, Magnetic . Say ees . 8d1 
Rheotrope, . ; : : aa Screen, Methven . ; SOKO 
Rhigolene, j See ; . 473 Screws or Posts, Binding ‘ soto 
Rhumbs, . : : : . 473 Sealed, Hermetically . 3 - 289 
Rhumkorfé Coil, : : . 188-473 | Sea Salt or Salt Batten : : - 69 
Ribbon Coil, . 5 - « -- 188 Secohm, . ‘ ; eee We tshs) 
Ribbon Core, . 3 . 154 Second, ’ Ampere- : 3 4 . 30 
Right-handed Screw Law, ; . 824 Secondary Actions, 3—; ; oe AGE 
Rigidity, Molecular . ‘ . 880-473 Secondary Ampere-turns, . 81-551 
Ring, Ampere =e : ; 2 30 Secondary Battery, 3 . 70 
Ring Armature, ; Ae . 48 | Secondary Battery, Efficiency of, 
Ring, Collecting .. . ; eeeAGHY Quantity . - - 205 
Ring Contact, . : : .. . 4738 | Secondary Battery, Planté’s epee (ire 
Ring Core, . 5 : : . 155 | Secondary Clock, . : ; aialp? 
Ring, Dynamo . Reo ; . 200 | Secondary Current, ; ‘ 22166 
‘Ring, Faraday’s . : : . 4738 | Secondary Generator, j - 277-477 
Ring, Foundation . : : - 261 Secondary Magnet Poles, j - 3866 
Ring, Guard . - ; a Udey Secondary, Movable : . 477 


Secondary Plates, Colors of ~ 48 
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Secondary Poles, 4 : ; - 478 Shqck, Back, or Stroke of Tightaing 55 
Secretion Current, : : . 166 | Shock, Break . : > 489 
Section Trolley, a. «549 | Shock, Electric See ee 2 
Sectioned Coils, ; vee lod Shock, Opening : : Z . 482 
Seebeck Effect, EEE nets, Aa LO Shock, Static’: 2:-.- «> see eee 
Segments, ; _” 56 | Short Circuit, . Lig te ABD 
Segments, Commutator pee f55* 2 71b6- | Short Cifeult ‘Working, 5 - 482 
Selenium, -— ; ; : . 478 | Short Fall Air Pumps, . ; 2216 
Selenium Cell, 2 i ; : . 478 | Short Shunt Winding . ; . 579 
Selenium Eye, : j . 478 | Shovel Electrodes, . ; os se 488 
Self-exciting Dynamo, ; : . 201 Shower Bath, Blectric 3 ; - 5T 
Self-induction, .  . 9803 | Shunt, saree pas ge see 
Self-induction, Magnetic ; . 852 | Shunt Box, ==- 5 : kf ee 483 
Self-induction, Unit of . ; . °804 .| ‘Shunt Circuit, . g : » 123-126 
Self-repulsion, : . 478 | Shunt Dynamo, ; « #202 
Self-winding Blectric Clock, ie dicts) Shunt, Electro-magnetic : Bere ei bebs) 
Semi-circular Deviation, . * . 181 Shunt, Galvanometer . . + 271-483 
Semi-conductors, . : . 478 | Shunt, Magnetic ; j : - 353 
Semi-incandescent Lamp, ; . 823 Shunt Motor, . . 886 
Sender, Zinc . ; ; . 582 | Shunt, Multiplying Power ofa: °« 388 
‘Sensibility, . +479 | Shunt Ratio, - . 483 
Sensitiveness, Angle of Maximum 479 Shunt Winding , “ ; inset SO 
Separate Circuit Dynamo, a4 201 Shuttle Armature, : < ; 49 
Separate Touch, . 5 359-479 | Shuttle Current, ; : ; . 483 
Separate Touch, Magnetization by 359 Shuttle Winding, . : ; 483-580 
Separately Excited Dynamo, 201-479 Side Flash, . a} ger Ae 
Se bamalon of Beetle. Pees Siemens and Halske’s Battery, . 72 
Separator . , 479 | Siemens’ Differential Voltameter, . 564 
Separator. Magnetic ; 5 . 352 | Siemens’ Electro-dynamometer,. 212 
Series, 47 Siemens’ Old Armature, . : . 49 
‘Series and Long Shunt ‘Winding, . 579 Siemens’ Unit of Resistance, PARA GY? 
Series and Separate Coil Winding, 579 Sighted Position, : : . 484 
Series and Short Shunt Wanaing: 580 Signaing. Velocity of . sheets B60 
Series, Contact 3 3 . 14 Signals, lectro-pneumatic . . 231 
Series Dynam 5 . 201 Signal, Telegraph . sche -519 
Series, Electro- chemical « Loree 209 Silent Discharge, ; 187-189-206 
Series, Electro motive . SSSR Silver;:.:.. E : . - 
Series, Electrostatic ; 3 » 235 Silver Bath, , : . ; 2 484 
Series “Motor, é . ° B Se aB te) Silver, German : : 5 ONG. 
Series, Multiple- A Bere . 387 Silver Stripping Bath, . : . 484 
’ Series-multiple, ; . 480 |: Silver Voltameter, . ; ; eased 5{ 019) 
Series, T hermo-clectric : : . 534 Simple Arc, Meeirets . a . 39 
Series Transformer, . : . 548 | Simple Circuit, ; ‘ eo 126 
Series Winding, A ; Ae ya) Simple Harmonic Motion, : . 486 
Service Conductors, -. § .- . 480 Simple Immersion, , . . 185 
Serving, .- : ; ; . 480 | Simple Magnet, - ; - . 866 
Shackle, . Sao, : . 480 | Simple Substitution, . . > 485 
Shadow, Electric : ; -  , 480 | Sims-Edison Torpedo, . : . 543 
Shadow, Molecular Fae o . 480 Sine Curve, . ; j 174-485 
Shadow ’Photometer, ; é . 414 Sine Galvanometer, ; ; ‘ pep 
Sheath for Magnet Coils, .  - 481 | Sine Law, ; : ahr a ABO 
Sheath for Transformers, Sas . 481 Sines, Curve of ein eee: ANG O=400 
Sheath, Induction. . 5 30352]. Single Coil Dynamo, .. e009 
Sheet Current, 2 «0% = -e Y - 166 Single Curb Working, . =. ~ - 581 
Shell, Magnetic . : . °352 | Single Fluid Theory, . ; - 486 
Shell, Strength of Magnetic, : . 352 | Single Fluid Voltaic Cell, j - 486 
Shellac, 5 ° . 481 Single Needle Telegraph, . 519 
Shellac Varnish, ; : : . 481 Single Touch, Magnetization by . 859 
Shield, Anti-magnetic . : Beco: Sinistrotorsal, 3 ‘ . 486 
Shield, Magnetic . : . 851-353 | Sinuous Current, ockiaes : . 166 
Shielded, Sa teeta . . 481 | Sinusoidal Curve, . ; 4 174-485 
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Sir William Thomson’s Batchy, . %2 | Specific Conduction Resistance, . 467 
Skin Effect, . é 2 . 486 Specific Cenductivity, 145 
Skrivanow Battery, : A ; . 72 | Specific Heat, 286 
Sled, : A : . 486 Specific Heat of Electricity, 491 
Sleeve, Joints: 5 : ‘ . 310 Specific Inductive Capacity, 103 
Slide, Balance A 3 . 3874 | Specific Magnetization, 361 
Slide Bridge, . ‘ : ‘ . 874 | Specific Resistance, : 467 
Slide Meter Bridge, < ‘ . 486 Speech, Articulate . : 3 50 
Sliding Condenser, . : : . 144 | Speed, Critical .  . . 157 
Sliding-contact Key, . ; . 316 Spent "Acid, ; A é a 491 
Sliding Resistance Box, : : . 463 | Spent Liquor, s . 491 
Slope, Linesof . . . 830 | Spherical Armature, el ueate 49 
Smee’s Battery, : : 4 . %3 | Spherical Candle Power, 101 
SiN: ‘Code, : ; : : . 486 Spherical Illuminating Power, 296 
Snap Switch, . ; ; . 501 Sphygmophone, 5 491 
Soaking-in-and- -out, =. ; . 486 pphyemophone, Electric : 491 
Socket, Lamp . 5 : : . 323 Spiders, 491 
Socket, Wall 4 , . 572 | Spiral, 5 492 
Soldering, Electric ; ¥ . . 487 Spiral Battery, 73 
Solenoid, : ; . 487 | Spiral, Roget’s . 474 
Solenoid Ammeter, : 28 | Spiral Winding, 492 
eoenoidal Distribution of Magnet- Spirit Compass, 2 143 
: . 358 | Splayed Joint, hats 311 
Solenoidal Magnet, 6 ; . 866 Splice Box, 3 ; ° 492 
Solid Earth, . 203 Split Batte 5 "3 
Solutions, Battery, Chromic Acid 73 Split Ring Commutator, . 141 
Solution, Chutaux’s ; 119 | Spluttering, . 0 492 
Solution, Delaurier’s A : . 179 | Sponge, Platinum 419 
Solution, Hittorf’s ‘ ; . 289 Spot, Grease . : 92 
Solution, Kookogey’s sig kitaie . 318 Sprengel Pump,  -_ .- ‘ - 439 
Solution, Poggendorf’s. : . 421 Spring Ammeter, . - 228 
Solution, Striking. . ; . 496 Spring and Fibre Suspension, 252 
Solution, Tissandier’s . : . 542 Spring-contact, . : ° - 148 
Solution, Trouvé’s . 6 ; . 549 | Spring Control, 3 6 “ , 492 
Sonometer, Hughes’... . 488 | Spring Jack Cut-out, 5 ; - 493 
Sonorescence, . : . 488 | Spurious Hall Effect, 284 
Sound, Characteristics Of e . 114 | Spurious Resistance, -. . - 467 
Sounder, : ; : : : . 488 Spurious Voltage, ; ; , 493 
Sounders, Tin : 5 : -(. 642: |2-Square Mil; <6: <5). Bee eer 8) 
Sound, Quality of. ; . «444 | Square Wire, ; ; 493 
Sound "Reading, : . 489.| Squares, Law of Inverse 328 
South Magnetic Fluid, : of Meg 1800 7] Cots Elmo’ s Fire, . 494 
Space, Clearance . : : . 489 | Stagg gering, 493 
Space, Crookes’ Dark. ; 489 | Standard andle, 5 101 
Space, Dark, Faraday’ Ss 249-489 Standard Candle, German 99 
Space, Faraday’ s Dark a Standard, Harcourt’ s Pentane 406 
Space, Inter-air. 4 ; 489 | Standard, Methven 376 
Space, Interferric . ; ‘ . 489 Standard of Illuminating Power, 
Span, ‘Polar. : ~- 424 Viole’s A 561 
Span, Polar, Angle ‘of the s . 82 | Standard or Main Feeder, : » 251 
Spark Arrester, . - : . 489.| Standard Quadrant, _. : - 444 
Spark Coil, : F . 3 . 489 | Standard Resistance Coil, 464 
Spark Discharge, . . 189 Standard Voltaic Cell, 109 
Spark, Duration of. Electric . . 490 | Standard Voltaic Cell, Daniell’s 109 
Spark Gap, ; . : . 490 | Standard Voltaic Cell, Latimer 
Spark, Length Of =o : : . 490 Clark’s : Rea ese) i () 
Spark Micrometer, : : . 470 | State, Electrotonic 493 
Spark Tube, : j : . 491 State, Nascent . Ds 389 
Sparking, : : . 490 | State of Matter, Fourth 261 
Sparking Distance, . 190 | State, Passive . . : - 404 
Sparking, Lines or Points of Least 490 State, Permanent . : 408 
Sparking, Resistance to . 4 . 490 Static Breeze, . , : 5 . 493 
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<6 |: Sulphate of Lead Batt eee 
rmature of . ulphate of Lead Battery, . . 6 
piece coat % i . kc . 493 Sulphate of Mercury Hactony . 67 
Static Hysteresis, . ; . 295 Sulphating, . 3 . 497 
Static Induction, Magnetic 4 . 347 Sulphur Dioxide, . s 3 . 497 
Static Shock, . : ; . 482 | Sulphuric Acid, . 497 
Station Central z : A . 493 Sulphuric Acid Voltameter, 3 A 564 
Station, Distant . ; 5 . 493 Sulphurous Acid Gas, . 5 é 49% 
Station, Home 3 : . 493 Sunstroke, Electric . ; - 49% 
Station, T ransforming . 5 . 494 | Superficial Density, Blectric . 180 
Steadying Resistance: . . « 468 | Supersaturated, é pick ood 
Steel, : : : . 494 Supply, Isolated . ‘ ‘ . 809 
Steeling,  - : 5 . 494 | Surface, . . : susp . 497 
Steel Yard Ammeter, ‘ Baers) Surface Density, . ; . 498 
Step-by-step Telegraph, . ; . 506 | Surface, Equipotential i : . 498 
Step-by-step Melensapn) i . . 494 | Surface Leakage, . SPR oe 498 
Step-down, 5 : . 494 Surface Magnetization, . .- . 356 
Step, Foot- . hoes ; . 259 | Surgical Electro-magnet, . . 222 
Sticking, . fe See ahd. | Surging: Discharge, : SoG . 188 
Stool, Insulating B é . 805 Surveyors’ Compass, .- : . 148 
Stopped Coil Electro-magnets, . 221 | Susceptibility, aeoeue : 354-359 
Stopping Off,. . . 495 | Suspension, . He ox 498 
Storage Battery 70 Suspension, Bifilar . : - 498 
Storage Battery Changing Switch, 501 | Suspension, Fibre Higa Meso bh 1-4 
Storage Battery, Planté’s 72 |. Suspension, Knife Bdgers >: . 317 
Storage Capacity, - ‘ 105-495 Suspension, Pivot . . . 416 
Storage of Electricity, - . . 495 | Suspension, Spring and Bibre . 252 
Storms, Electric . 3 5 . 495 | Suspension, Torsion. . 545 
Storms, Magnetic . : : . 353 Suspension Wire of Cable, : e107, 
Strain, : : . 495 Swaging, Electric 3 A - 499 
Strain, Dielectric - ~- - . 183. | Swelling Current, . 9. .-+ 167 
Strain, Magnetic . : PEDO be ices Srricize a +) 
Stranded Conductor Armature, . 49 Swinburne Pump, 3 ‘ 5 . 440 
Stranded Core, . ‘ : . 155 | Swinging Earth, fj - 203 
Stray Field, ee went ts . 256-495 | Swinging or Pendulum mantels 
Stray Power, 5 3 ‘ . 495 tor ; 3 
Streamlets, Current . z 3 . 495 Swiss Unit of Resistance 4 . 468 
Strength, Dielectric. é .. 183 | Switch, : - 499 
Strength ‘of Magnetic on : . 852 Switch, Automatic 3 yates . 500 
Stress, ; : . 495 Switch’ Board, 6 68509 - 
Stress, Dielectric é 5 . 496 | Switch Board, Multiple situate - 38% 
Stress, Electro-magnetic 219-496 | Switch Board, Trunking . . 550 
Stress, Electrostatic . 236-496 | Switch, Break-down : - . 88 
Stress, Energy of . ‘ : Switch, Changing . . . 500 
Stress, Magnetic . ; . 854 Switch, Changing Over ; . 500 
Strize, Electric phates j . 496 | Switch, Circuit Changing é . 500 
Striking Distance, . ; . . 496 Switch, Double Break . : . 500 
Striking Sclunon: ; ‘ : ._ 496 | Switch, Double Pole. : . 600 
Stripping. . ies : . 496 | Switch Feeder, . eters 6 . 506 
Stripping Bath, é : ‘ 57 | Switch, Knife : Ah Se . ool 
Stripping Bath, Gold : : , 279 | Switch, Knife Break Sees . 501 
Stripping Bath, Silver . : . 484 Switch, KnifeEdge . . . 501 
Stroke, Back 55 Switch, Multiple fj Seuss . 50. 
Stroke or Shock of Lightning, Back 55 | Switch, Plug P - 420 
Stroke, Return. . 55 | Switch, Pole Changing So ue 2 ae OOn 
Sub-branch, . Panett : . 496 Switch, Reversing GE Tens AOL 
Sub-main, . ; . 496 Switch, Snap . 501 
Sub-permanent Magnetism, . 3858 Switch, Bioige Battery Changing 501 
Substitution, Simple ; ; . 485 | Switch, Three Way . 501 
Subway, Electric . : F . 496 Switches, Distributing . ; . 190 
Successive Temperatures, Law of . 324 Symmer’s Theory . 3 2 £91 
Sucking Coil, . Bae eee . 132 | Sympathetic Vibration, .  « 591-561 
Sucking Magnet, . yeaa . 366 | System, Block Reteseaia ge eae OD 
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System of Co- ordinates, : Telephone, Chemical sae 
System, Tower Telephone, Electrostatic 526 

Telephone Exchange, ie . 246 
Tt, . : ; Telephone Induction Coil, ‘ 137-526 
Tailing Current, Telephone, Reaction 0 og ene ee 
Tailings, ; _ Telephone Record, Seach 451 
Talk, Cross _ Telephone, Thermo- electric 527 
Tamidine, ' Telephone Tinnitus, 542 
Tangent Galvanometer, Telephotography, 521 
Tangent Law, E helephote;—<. 527 
Tangent Positions of, Gauss . Telescope, Reading . 450 
Tangent Scale, . , Teleseme, : ; «7 , OR¢ 
Tangentially Laminated Core, _Tele-thermometer, . eee 527 
Tank, Cable : | Terminal, de bea 529 
Tape, Insulating Terminal Pole, 529 
Tapper Key, Double Terminal Voltage, 562 
Teazer, Temperature, Absolute 8 
Technica, Memoria, Ampére’s S Femperature, Neutral . 390 
Tee, Lead . draatid Temperatures, Laws of Successive 324 
Teeth, Pacinotti . Tempering, Electric 527 
Tel-autograph, ; , Temporary Magnetien. or Magneti- 
Tele-barometer, Blectric zation, i 357 
Telegraph, A. B.C. é Ten, Powers of . 527 
Telegraph, Autographic Tension, : 529 
Telegraph, Automatic Tension, Disruptive .. . 189 
Telegraph, Dial ; Tension, Electric 529 
Telegraph, Double Needle Terrestrial Magnetism 358 
Telegraph, Duplex ; ; Tetanus, Acoustic 529 
Telegraph, Duplex, Bridge 3 - Tetrode Working, 581 
Telegraph, Duplex, Dyperente) ' Theatrophone, ; 529 
Telegraph Embosser, Theory, Contact : . 148 
Telegraph, Facsimile . . Theory, Double Fluid . 191 
Telegraph,.Harmonic Multiplex Theory, Franklin’s 262 
Felegraph, Hughes’ . Theory of Dimensions, 184 
Telegraph Insulator, . _ Theory of Light, Electro- -magnetic 219 
Telegraph Key, Theory of Light, Maxwell’s . 3869 
Telegraph, Magneto-electric a _ Theory of Magnetism, Ampére’ s.. 354 
Telegraph, Morse . | Theory of Magnetism, Ewing’s . 856 
Telegraph, Multiplex : ; | Theory of Magnetism, Hughes’ 357 
Telegraph, Single Needle. _ Theory of Magnetism, Weber S: 358 
Telegraph, Overhouse . Theory, Symmer’s . 191 
Telegraph Pole Brackets, Therapeutic Electrode, 210 
Telegraph, Printing. ; Therapeutics, Electro: . . 236 
Telegraph, Quadruplex — Therm, A 529 
Telegraph Repeater, Thermaesthesiometer, 530 
Telegraph Signal,. . Thermal Electric Meter, 375 
Telegraph, Step-by-step . Thermal Equivalent, Electro- 245 
Telegraph, Wheatstone’s, A. B. Cc. _ Thermal Energy, . : 242 
Telegraph, Writing . A _ Thermic Balance, 85 
Telegraphic Alphabet, . FES ae 9 | Thermo Call, : 530 
Telegraphic Code, .. .- « 130-511 | Thermo- chemical Battery, . 530 
Telegraphic Needle, ; | Thermo-chemical Equivalent, 245 
Telegraphic Register, Thermo-electric Battery or busy 530 
Telegraphy, Multiplex - Thermo-electric Call, 531 
Telegraphy, Step-by-step Thermo-electric Couple, : 5382 
Telemanometer, Blecttic ; Thermo-electric Current, . 167 
Telemeter, Electric . Thermo-electric Diagram, . 582 
Telepherage, . Thermo-electric Element, 237 
Telephone, : Thermo-electric Inversion, . 533 
Telephone, Bi- : nevi ae Thermo-electric Junction, 533 
Telephone, Capillary _ Sees . 525 Thermo-electric Neutral Point 390 
Telephone, Carbon ; ‘i . .525 | Thermo-electric Pile, Differential 533 
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Thermo-electric Power, . 
Thermo-electric Reversal, 
Thermo-electric Series, . 
‘Thermo-electric Telephone, 
Thermo-electric Thermometer, 
Thermo-electricity, ; 
Thermo-electricity, Laws of, Bec- 
querel’s 
AR hermo-electricity, Volta’s Law of 
Thermo-electrometer, . 
Thermolysis, _- 
Thermo-multiplier, 
Thermometer, 
Thermometer, Electric 
Thermometer, Kinnersley’s 
Thermometer, Tele- 
Thermometer, Thermo-clectric 
Thermophone, : : 
Thermostat, Electric 
Third Brush, 
Thomson Effect 
Thomson’s Replenisher, Sir William 
Thomson’s Battery, Sir William 
Thomson’s Unit of Resistance, 
Three ewe bncandescen. 
Lam 5 
Three Wee Switch, 
dinree Wire System, 


Thro 

Phrow_back Indicator, 
Thrust Bearings, 
Thunder, 

Ticker, 

Tick, Magnetic. 
Timbre, ee < 
Time Constant, _ s : ; 
Time Cut-outs, . : : . 
Time Electric Meter, 
Time-fall, | 
Time-reaction, 
Time-rise, .- ; a 
Rim, 5 
aan "Sounders, . 
Tinnitus, Telephone 
Tips, Polar Stes Rei lie 
Tips, Pole A : 290-426 
Tissandier’s Solution, : : 
Toeppler-Holtz Machine, 
Tongs, Cable Hanger 
Tongs, Discharging 
Tongue of Polarized Relay, ‘ 
Tongue of Polarized Relay, Bias of 542 
Toothed Core-discs, . . 154 


Top, Magnetic : 6 5 . 542 
Torpedo, Electric . ees . 543 
pee SH oS ; 3 » . 548 
Torque ; : . 548 
Ab orque, Curveof. . : eel f4 
Torricellian Vacuum, Bee Ot: 
Torsion Balance, Coulomb’s . . 544 
Torsion Galvanometer, . . 273-544 
Torsion Head, ; 3 : . 544 


Transformer, Continuous Current 
3 
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Torsion Suspension, 5 , . 545 
Total Earth, . 5 : 5 ect 208 
Touch, : sites . . 545 


Touch, Separate cur 6 - A479 


Tourmaline, ° : 3 5 . 545 
Tower, Electric : 545 
Tower System, . 5 : : . 545 
Trailing Horns, . : ge ee QOD 
Transformer, . gee. 9 O40 
Transformer, Commuting . O47 


Transformer, Continuous Alternat- 
ing 


4-547 

Transformer, Core : ; . 547 
Transformer, Faraday’s . » . 250 
Transformer, Hedgehog. . .-- 548 

' Transformer, Multiple . . - 546 
Transformer, Oil . ; : « 948 
Transformer, Pilot . ; . 415 
Transformer, Series . 5 . 548 
Transformer, Sheathfor. . . 481 
Transforming Station . : . 494 

_ Transformer, Welding 548-575 
Translator, . 519 
Translucent Disc Photometer, . 412 
Transmitter, . 648 
Transmitter, Carbon . 549 
Transmission of Energy, Electric 240 
Transposing, . 549 
Transverse Blectro- motive e Force, 549 
Trap, Bug ‘ Bean’ p- 
Traveling a Pole, : SSA yey yao 
Trembling Bell, Sree oes: Uke) 
Trolley, : : ‘ ~. 549 
Trolley, Double, ei extroyiaoe . 549 

_ Trolley Section, . re Seats etOse 
Trough Battery, .: 

_ Trouvé’s Blotting Paper Battery, v 63) 
Trouvé’s Solution, . . 549 
True Contact Force, . Site O49 
True Ohm, : x é : . 396 
True Resistance, . : ‘ . 467 
Trimmer, Brush 5 5 . 549 
Trumpet, Electric. : . 550 
Trunk Lines, . ae . 550 
Trunking Switch Board, 5 . 550 
Tube, Electric, . Bs i “ . 550 
ae ube, Guard . See 3 . . 282 
Tube, Luminous ; . 550 
Tube of Magnetic Induction, . 847 
Tube, Spark. . ‘ ar . 491 
Tube, Stratification 2 , - 495 
Tubes, Geissler : : 3 . 276 

- Tubes of Force Bee tate Seats, OM 
Tubes, Plicker . PG Rept te rx 90) 
gq ubular Braid, . 5 é . 550 
Tubular Core, . 4 ‘ 5 . 155 
Tubular Magnet, . + 000 
Tuning Fork Circuit Breaker, . 124 
Tuning Fork Dynamo, . 202 
Tuning Fork, Interrupter for . . 307 
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72 : INDEX, 
Turning Moment Oaee. 

urns, A Dee ses, oy Oe Dame | OID OF Supply, Gee 
Turns, Amperee .° _° ‘ + 590 | Unit of Worker ane ae 381 


. e 5 5 31 Unit . e ° is 

Baga! Bees, OF 3 Dynamoi. © tet | Waits Coe 2 a 
icns. Seca ke ee BON | asic Derived © ° * «+ 126-555 
a ‘sS, Secondary Ampere- ., 001 Units, Heat : ; : 3 - 555 
Wist Joint, American, - 809 | Units. Practical ae ee eee 


Twist i 
F Magnetion = ies . 3854 Universal Battery System, ao 556 


Tyer’s B 
y ie eee ° : ; ‘ 74 Niversal Dischar 
yp er, Electric : : - 551 Unmarked End ger, . , 2180 


Type Printer, H E 
Pp ughes > + 811 | Upright Galvanometer, © , ° vn re 






Ultra-gaseous Matter, . _. 5b1 Pward’s Battery, aa 
Unbuilding, | | k pee arts g : 
Underground Conductor, ,° | ’ 552 | vA" 556 
Odd utroee cE cottic Subway, coae | waste) 0 a et Gs eee 
sae 6 relat y ° : . . . 57 
Uaduatory Correns, © °° gf | Vacuum, Abaciute’ | * | + 88 
Uniform Field’ Se eet 256 Vacuum Lightning Arrester, eats 329 
Uniform Field of Force, .° , * 553 Vaca Par [ete Bis ese oe OK 
WH Magnetic Field, oo 3 B45 acuum, Torricellia ek yee ope 
Unipolar Armature, Gece eters Bg Valeney, 35, : Spears Br 
Unipolar Current Induction, °°? B82 valve Gjcctrically Controlled’ , ” 55g 
Onipolas Biecirie Bark : a oe Conductivity, ; ide 
5 ’ . ° a 1 ‘ +2 
Un bolar Mason + + 804 | VariableState’ | bee 
See ; cet > 28684): Variation of the Compass," “aynee 
Wait Absit 2 Variations, Magnetic |’ =< 37208 
Unit’ Anew Rae att ome 7 BR ariometer, ~~, Pe WO 
Unt pA ; F ; - 554 | Varley’s Battery, , ~ eon! 
Unit, BVA, of Resistance ODA | -Watley’s Condenses 
U nit Current, Shee Srspile ae Varley’s Resistance, ee ane Peo 
Unit Hlectroanotive Force, . ° | M2 | Varley's Unitof Resistance,” ° & 
»2U d : Ue f ty 
oat Ds enienta) j : - 554 Varnish, Electric : ° - 559 
Unit Mapnet Pole, Sse oh ek as Varnish, Insulating. 7 ee 
Unit of Capacity,’ ees fae Varnish, Red - Ee SB BO 


Unit of Conductivity, . ~ Varnish, Shellac, ° Me ee 
ak of Electric Potential, ©, ° é 139 Velicit BEER, 9 Ecc 
nit of Energy, Electro-magnetic 220 Velocity’ Angular . . 4 ; 

; 2 ; : 32-559 


Unit of Force 
e a] - . 2 4 26 Vi 1 ° % 4 5 3 
Uns Onimination, 2 7 ag Veloce Of Signaling, 2 a 
Unit of Reluctance, . eo : § ae Ventilation of Armature, : 3 ‘ pee 
nit of Resistance,B. A, ~~ oe Vertical Galvanometer, AS eo 


Vertical Induction : 
Verticity, Poles of’ , ~ : 406-260 
Vibrating Bell, 3 : 8 
Vibration Period: :e— sone : 560 
Vibration, Sympathetic ie 501-561 
Vibrator, Electro-magnetic 561 
Villari’s Critical Value : 
ae lue, x - 561 


Unit of Resistance, Bregue 

Unit of Resistance, Digaes. aoe - 

Unit of Resistance, English Abso- 

Unies ch Foot-second . ; - 465 
it OF Kesistance, German Vij 

Unit of Resistance, Jacobi’s ee 


Unit of. Resistance, Meter-milli- =e 


meter nee eC 
vat of Resistance, Mil-foot ee Viole’s Standard of Mluminating 562 
Unit ot eee eee 467 | Virtual Resistance Bee ras 200 apy 
¢ . 1 . ? Y e ° ¢ 
wat a Resistance, Weomeenis oe Viscous Hysteresis, ; . 895-356 
: istance, Varley’s : ’ ohare 3 : - 562 ’ 
Unit of Self-induction, —~ ate ecu Tlgetricity; er a 
>] ° ° ° 0 ‘ 562 








Vitriol, Green e e 6 
Vitriol, White i . 
Volatilization of Carbon, 
Werte $ A ; ° 
olt-ampere, . : ° : : 
Meter Galvan- Watt, . z 3 j 5 e 
Mee eee Ampere é 274 Watt-hour, Baier - é . 573 


ometer, é 3 
Volt, B. A. A 5 
Volt, Congress . c Fi 
Volt, Coulomb . ° “ 
Volt Indicator, . ° ch 
Volt, Legal . 4 ° ; 
Voltage, ..-. ° 
Voltage, Spurious. . . 
Voltage, Terminal . . 
Voltaic, . oc ° ° 
Voltaic Alternatives, . 
Voltaic Are, 
Voltaic Cell, é 
Voltaic Cell, Double Fluid . 


Voltaic Cell, Capacity of Polariza- s 


tionofa . 5 5 
Voltaic Cell, Single Fluid 
Voltaic Cell, Standard . “4 
Voltaic 


Clark’s. ; 2 A 


Voltaic Circuit, ate as 
Voltaic Effect, .- . 6 
Voltaic Electricity, . . 
Voltaic Element, .  . 
Voltaic or Galvanic Battery, 
Voltaic or Galvanic Circle . 
Voltaic or Galvanic Couple, 
Voltameter, . ee ° 
Voltameter, Copper . 5 


INDEX, 673 
Page. Page. 
‘. 56 Water Battery. 3 50 et ey 


- 562 | Water Equivalent, . : o S72 

- 108 | Water Level Alarm, . é ‘s 18 

. 562 | Waterproof.Lamp Globe, Paar 
573 | Wattless Current, . A F 


_. 568 | Watt Meter, Z -§ , - . 875 
; - 568 | Watt-minute, . BA ee . 573 
568-573 | Watt-second, . a é é . 573 

: - 568 | Watts, Apparent . : é - 573 
- 568 | Wave Winding, oA Sede Set a OO 

. 562 | Waves, Amplitude of . < On 
~ 493 | Waves, Electro-magnetic « 6 BS 

: - 562 | Wax, Paraffine. a : - 402 
. 563 Weber, : : ; : 5 . 574 

- + 563 | Weber’s Absolute Unit Resistance, 468 
39: | Weber-meter,  . ‘ 574 


Daniell’s Standard . 109 | Weber’s Theory of Magnetism, . 358 


« 191 | Wedge Cut-out, oe hele Sy a ae 
Wedge, Double. ; ° - 191 
Weight, Atomic 5 3 oe 88 


i. <. 480'| Weight, Breaking <<. 5 90 


Weight Electrometer, . .  , 223 


. 109 
Cell, Standard, Latimer Weight Voltameter, . . . 566 
: ve 110 B74 


Welding, Electric . : A 5 

- 126 | Welding Transformer, . : 548-575 
- 563] Wheatstone’s A. B.C. Telegraph, 521 
5 - 563 | Wheatstone’s Balance, . A ; 
- 23% | Wheatstone’s Bridge, : pe 
- + %@ | Wheatstone’s Bridge, Commercial 86 
119 | Wheatstone’s Rheostat . A - 472 
; - 156 | Wheel, Phonic S S 5 - 409 

- 563 §| Wheel, Reaction . - 3 . 259 . 
563 | Whirl, Electric . ; : 3 ONE 


Voltameter, Differential, Siemens’ 564 White: Vitriole... = => .4 : : ne 


Voltameter, Faraday’s. . 
Voltameter, Gas é A 
Voltameter, Silver Seine 
Voltameter, Sulphuric Acid 


Voltameter, Volume . . . 564 Windage, 


Voltameter, Weight . ° 


Voltametric Law, . Seren 00F 


Volta’s Battery 


- 250 | Wilde Candle, ; . ; <= 10 
- 564 | Wimshurst Electric Machine, 335-577 

- 565 § Wimshurst Machine, . - 835-577 

- . 564 | Wind, Electric . ser eee 3 . 5%8 


- . 066 | Windings, Ampere ae : . 31 
Winding, Bifilar . 5 A - 81 


76 | Winding, Compound A ‘ ; a8 


Volta’s Fundamental Experiments 567 | Winding, Disc : A 
Volta’s Law of Galvanic Action, . 568 Wanding Lap. 8 Ses ONO 
Volta’s Law of Thermo-electricity 568 Winding, Long Shunt. .  . 579 


Voltmeter, . 


- + 568 | Winding, Long Shunt and Series . sees 


Voltmeter, Battery e e . 569 | Winding, Multiple ‘ : p as 


-  . 569 | Winding, Multipolar & 


Voltmeter, Cardew . indi 
Voltmeter, Electrostatic . . 571 Winding, Series . . .  . 579 
Voltmeter, Reducteur for - 458 | Winding, Series and Separate Coil 579 
WMoltS\ostig 65.16 eo he BE Winding, Seriesand Short Shunt 580 
Volume Voltameter, e « . 564 | Winding, Short Shunt : 579 


Vulcanite, eps ° 


WY. 9 e e e 

Wall Bracket, . e 

Wall Socket, . . = . 
ard, e e e ® 

Waste Field,. . . 

Water, A nts cate ene 


. - 571 | Winding, Shunt . A : 483-580 
Winding Shuttle, ere ; 5 
- « 572] Winding,Wave ... 5 : 
¢ . 572 | Winding Working, Differential, . 183 
° « S72 | Wire,Block .. : :. 223280 
5 . 572 |. Wire, Bus . - 3 . : . 94 
e « 26 {| Wire, Dead . : é ; oct hee 
© «82 | Wire Finder, . . . -  . 580 
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Working, Reverse Current . 
Working, Single Curb. 
Working *Tetrode, ‘ 
Writing Telegraph, 


Wire Gauze Brush, . . =. 
Wire, Idle . ° ‘ “ {or eReoO 
Wire, Neutral ee ; . 390 
Wire, Omnibus 3 Sa DAS . 94 
Wire,Square.  . .- : «> 498 
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Wire System, Three . « . « 589 | - MK, Axis of : 
Wires, Crossing. .  . ; . 158 ne 
‘Wires, Leading-in . : 5 O04 Wig AXIS‘ Of °°; : ‘ ; 





< 5 . 409 | Yoke, . Ree omens 4 


Wires, Phantom 
Wires, Pilot : : 








ae ae Battery, soy esos Fesn pont, s Dry Pile, ==; Page Page 
: : : ‘ : A, ° : . é ; 583 Automatic Switch, . 628 
Wiese Blectric, Unitof =. oy Zero, Abpolnte : : Absorption, Luminous . . . 683 | Automatic Telephone Exchange, 598 
Work Ait o pet Se Beot e rer The 2 reas Adhesion, Electric . .  . 583 | Automatic Telephone Switch, . 628 
Working: Diode. Fe 580 Zi Es aaa Adjustable Condenser, . 592 | Automatic Transmitter, ee SOME 
Working. Diplex: ae : " 580 Zine’ Sender ine : : Adjustable Vacuum, Crookes’ Tube 628 | Auto-Transformer, . : ; 585 

9 e e e 9 e ° e ~ s - , 
Workin e. D ouble Curb’ : : : 58! Zi rae de, eee : re paiusepent of Skew Carbons, 5 ot Awning Insulator, . : : . 604 
orking, Hexode. . - 958 one, Peripo ar eters wes anes 

Working, Pentode - . - 5e1 |. Zone, Polar . . . 5 Aging of Resistance Coils, oe IB, OO: 586 
Air Expansion, Lightning Arrester 608 Back, Carbon . 589 
‘ Air, Magnetic Circuit A : 609 Balance, Candle ~ 689 

Alternating Current, Rectifier 616 | Balance Indicator, . 586 i 

' Alternations, Co-phasal 593 Balanced Metallic Circuit, 586 | 4 

Alternative Discharge, . 595 Ball, Electric, Time — 626 A 

j Alternator, Diphase 583 | Ball Lightning, 586 i) 

; Alternator, Monocyclic . 583 | Balls, Carbon 589 y 

| Alternator, Multiphase 584 | B.andS.G., ; 631 4 

; Alternator, Pitch of 613 Barrow, Wire . 586 a 

Alternator, Triphase . 584 | Bar, Tamping 586 i 

Alternator, Uniphase 584. Bath, Oil 611 4 

{ American Wire Gauge, 631 Baton, Electric. ; ‘ ; 586 } 

. Ammortisseur, ° 584 | Battery Insulator .° . 604. 4 

i Ampere Gauge, . 601 Battery Switch, . : 623 a 

M4 Ampere, International, 584 | Beaded Cable, . ° 588 : 

t Amyloid, : 584 | Becquerel Rays 615 4 

i Analogy, Hydraulic ; 584 | Bimetallic Wire 630 d 

( _ Anchor, Composite Pole 613 | Bipolar, : : 586 q 

ES Anchor Guy, Stub . : 622 | Birmingham, Wire Gauge 631 

[ Anchor Pole, Z 585 Bismuth Spiral, 586 ‘ 

F Anchoring of Trolley Line, : 585 |. Blackening of Lamp Bulbs, 607 ; 

} Angle of Lag, ; 606 | Block, Ceiling 619 i 

t Anode, Preponderating 585 Board, Distributing 596 ‘ 

Anticathode, 585 | Board, Pegging Key 607 8 

Anti-Hum, . 585 Board, Panel 612 i 

| Anti-Magnetic Watch, 630 | Bond, ‘Rails BST F 

Anti-Parallel, Feeding 599 | Bone of Horus, 603 \ 

Arc Deflector, . 585 | Booster, 587 | 

. Armature, Toothed- Ring 585 Booth, Telephone 626 

Arm, Cross 594 | Border Lights, 587 i 

Arm Cross Brace, 587 | Boucherizing Process, 587 

' . Arm Rest, 585 Box, District Call ; . 589 1 

Arrester, Lightning, Air Expansion 608 |. Box, Section . 5 . 620 r 

| Arrester, Lightning, High Resist- Box, Shunt, Compensated : : 620 i 

} ance . 608 | Box, Stage ene : . 621 

y q Arrester,, Lightning, Non-Arcing | 608 | Box Starting — ; 5 622 

’ Arrester, Lighting, Sv ipeng Ball 608 Box, Universal Shunt .°. . 620. . 

i Artificial Line, - 618 Box, Wallis o as ce Fah sree ea 19) 

Attaching Plug, 613 Brace, Cross Arm . : ; . 587 

Automatic Magnetic, Circuit Bracket Curves: : : . 614 i 

Breaker . - ; 591 Break-Wheel, . 5 : : . 587 I 

Automatic Paper Winder, . » 612 | Bridges, Ce Re ee aor es ese POON 
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Page. Page. 
Bridge, Conductivity . : 592 Circuit, Metallic, Balanced. : 86 
Bridge, Cylindrical . é ‘ 594 Clamp, Feeder 5 3 599 
Bridge, Decade ; ; A . 587 | Clip, Feeder . $ 599 
Bridle, . z 605 | Closed Magnetic Circuit, 5 609 
Brown and Sharpe Gauge, é . 681 Coherer, 591 
B. : : »—. 587) Coil; Compensating 592 
Bulb, Lamp Sik Ue eee cen ace a OOO Coil, Damping . 591 
Bunch Lights, 4 : : ; 588 Coil; Tesla ‘ 592 
Burnettizing Process, . . . 588 Coils, Resistance, Aging of 618 
Bushed Poles, : ‘ ; : 588 Combination Fixture, 599 
Bushing, Socket _ . ° : . 588 | Combination Switch, 623 
Button, Carbon . ; : 3 589 Commutation, Switch 624 
Button, Ceiling 5 : : . 588 | Comparative indicator, 592 
Butt-prop, . : ; ; ; 595 | Compensated Shunt Box, 620 
Compensating Coil, 592 
Cc, er ; : ; 588 | Compensator, . 587 
Cable, Beaded — 3 A . 588 | Composite Anchor Pole, 613 
Cable, Core-ratio of =. ‘ - 663 | Composite Wire, ; 630 
Cable, Emerg cucy, lat ; . 988 | Condenser, Adjustable 592 
Cablegram, . : 3 , 588 | Condenser, Multiple-series, 592 
Cable Head, . : : : . 589 Condenser, Sub-divided 592 
Cabinet, Silence . _ 626 Conductivity Bridge, 592 
Cabinet, Sound Proof T elephone 626 | Conductor, Twin, 592 
Call Box, District i 089 | Conduit, Flexible 592 
Calorimotor, . é . . 595 | Conduit, Interior 5938 
Candelabra Receptacle, : : 616 | Conduit, Railway 593 
Candle Balance, : ; : - 989 | Conduit, Rodding a 619 
Canopy, : ; eae. 098 | Constant-current Motor, 610 
Canopy Switch, : 6 d - 623 | Constant-potential Motor, 610 
Cant-Hook, ~ 589 Construction of Switch Board, 
Capability, Electrical, ‘of Voltaic Edgewise System : 597 
: Cell : “ 589 | Contact Maker, 593 
Carbon Back, . : A ; . 589 Continuity Preserving Transmitter, 626 
Carbon Balls, p : ; : 589 Continuous Rheostat, . : 618 
Carbon Button, See : . 989 | Co-phasal mlcernatOHS, : 593 
Carbon Diaphragm, : j 590 | Core Pins, . 593 
Carbons, Skew Adjustment Of 3s Gar Core- ratio of Cable, . 593 
Carcass of Dynamo, . ‘ ; 590 | Cosine Law of Illumination, 603 
Carriage Pen, . 5 : . 612 Coulomb, International . 593 
Cathetometer, j a : : 590 Coupling, Electric 594 
Cathode, . ; - 590 | C2R, Loss 609 
Cathode, Preponderating : . 590 | Crookes’ Adjustable ‘Vacuum Tube, oe 
Cathodic Rays, : : . 615 Crookes’ Focus Tube, 628 
Garopttics, Se : , . 990 | Crookes’ Tube, : 627 
Caz é ewes . 590 Cross Arm, 4 594 
Ceiling Block, ; : : . 619 | Cross Arm, Brace 587 
Ceiling Button, 3 : é . 5&8 | Cross-over, - 594 
Ceiling Rosette, . 5, ala 6G 52619 Cryptoscope, ; 594. 
Cell, Heat é : ; : - 590 | Cups, Leading-in 594 
Cell Tester, . ; ‘ . ; 626 | Current, Marking 594 
Cements, Insulating . : - 605 | Current ’Reorganizer, 597 
Center of Distribution, : . 696 | Current, Spacing 594 
Centre Pole, . : ‘ : . 613 | Current Tap, . 594 
Chandelier Switch, . 4 , 623, | Curve Bracket, . sc 614 
Checking Instrument, : - ~. 690 | Curve Tracer, Ewing’s . 594 
Chemic, A : 590 | Cut-out Film, é 594 
Chronoscope, Electric’ : . 590 | Cut-out, Fixture : 594 
Circuit Breaker, Automatic Mag- Cut-out, Magnetic é . 591 
netic : 591 Cylindrical Bridge, wees 594 
Circuit Breaker, Wactum 5; . 691 i : 
Circuit, Magnetic Air . ¢) .609-| (damping; Coils 5-225 2.7 e 15091 
Circuit, Magnetic, Closed . . 609 | Dart, ie et 
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Page. 
Dead Beat po wanomctet pee . 600 
Dead-end, . 594 
Dead-man, 4 5 : 3 . 595 
Decade Bridge, . : , : 587 
Deflagrator, .° . : : . 595 
Deflector, Arc s fs ; ; 585 
Detector, Phase ; : . 612 
Device, Electro-recertive : ‘ 595 
Device, Translating ; ; . 595 
Dextrorsal, 5 : ‘ ; 595 
Diagram, Load , 608 
Dial, Instrument, Illuminated . 603 
Diaphram, Carbon . ; 5 - 590. 
Dimmer, Theater : : ; 595 
Dioptrics, : ; . 595 
Diphase, Alternator . : 583 
. Diphaser, ; ; : . 583 
Discharge, Alternative ; § 595 
Discharge, Tesla. : , . 596 
Disc, Retarding, . é : ; 618 
Distributing Board, : ; . 596 
Distribution, Center of 3 596 
Distribution, Electrical Efficiency of 596 
District Call BOX; =:; 589 
Door Trigger, . 3 .- 696 
Door Trip, Electric ; ; . 596 
Double Balanced, Relay . : 6 7 
Double Throw, Switch : : . (24 
Drift of Needle, 4 ; ; 596 
Dynamic Electro, Induction « 603 
Dynamo, Carcassof . F : 590 
Dynamo, Heteropolar . ; . 596 
Dynamo, Homopolar . é ; 596 
Dynamo, Motor ; : ; Be 
Dynamo, Multi-circuit 4 596 
Dynamo, ‘* Non-polar’’ ; . 596 
Dynamo, Steam . . : ; 622 
Dynamotor, . : ; : He LEK 
E;, ° ° ; : : . 626 
Earthkin, ; 626 


Edgewise System of Switch Beard 
Constructions an ies 6 eee ONT: 
Edison Wire Gauge, 631 
Efficiency of Electrical Distribution, 596 
Efficiency of Lamp, . 607 
Efficiency, Torque, Apparent ee 1O0G 
Efficiency, Torque. ; : 597 
Elbow Rest, . . 585 
Electrical Capability of Voltaic Cells 589 
Electrical Efficiency of Pisniee: 


tion, 5 ; 596 
Electrical Engineer, . 598 
Electrically Illuminated Fountain, 600 
Electric Adhesion, : : . 583 
Electric Baton, . 5 i 586 
Electric Chronoscope, 5 : . 590 
Electric Coupling, ; j : 594 
Electric Door Trip, ; : - 596 
Electric Elevator Signal, . ; 597 
Electric Gas Senne: poe . 627 
Electrician, . : 597 
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Electric Igniter, 603 
Electric Insulation, : 605 
Electric Meteorgraph, ; 610 
Electric Plate Stove, 3 613 
Electric Search Light, 619 
Electric Shoe, . : 620 
Electric Sign, : 5 621 
Electric Source, : ; 621 
_Electric Sunshine Recorder, 623 
Electric Time Ball, 626 
Electric Wand, 627 
Electrobat, .. 597 
Electrocution, 598 
Electro- dynamic Induction, 603 
Electrograph, : 598 
Electrolabrum, 5 598 
Electrolier Switch, : 624 
Electro-magnet, Portative 598 
Electro-magnet, Tractive 598 
Electro-receptive Device, 595 
Electrothanatosis, 598 
Electrotherm, 598 
Electrotisis, 598 
Electrozemia, 598 
Elevator Signal, Electric 597 
Emergency ene : : 588 
E. M. F., 598 
Emissivity, ; 598 
Enamel, Rheostat 618 
Enclosed Arc Lamp, 607 
End Connectors, 598 
' Engineer, Electrical 598 
Entrefer, A ; 598 
Exchange, Automatic T elephone 598 
Exploder, 4 603 
Ewing’s Curve Tracer, 594 
Bos 599 
Factor,Impedance . ; 599 
Factor, Load ‘ 609 
Factor, Reactance 599 
Farad, "International 599 
Feeder Clamp, 599 
Feeder Clip. . ; 5 . 599 
Feeding, Anti-parallel, ; ; 599 
Fibre, Vulcanized : ; . 599 
Figures, Magnetic 609 
Filament, Squirted . 599 
Film, Cut-out ; 594 
Fixture, Combination 599 
Fixture, Cut-out . 594 
Flaming, é 599 
Fleming’s Hand Rule, 602 
Flexible Conduit, 599 
Flicker, Photometer 613 
Floor Insulator, 604 
Fluorescent Screen, 600 
Fluoroscope, . 600 
Fiush Switch, : 624 
Fountain, Electrically Uluminated 600 
Fuse, Wire . 6 . 630 
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Preponderating Anode, . 
Preponderating Cathode, 
Pressure Indicator, . ‘ 


Multiple Key, . .. : : 
Multipler for.Voltmeter, . . 611 
Multiple-series, Condenser . . 592 


Individual Signal, , ; 3 OZ 
Induction, Electro-dynamic ; 603 
Induction, Magnetic Lines of . 609 
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; Page. | . : Page, | Page. ; Pag. 
Galvanometer, Helmholtz . - . 600 Insulation, Puncturing 3 . 614 i Line, Wind and Water . 608 Non-Arcing Lightning Arrester, . 
Galvanometer, Lecture . ‘ 600 Insulator, Awning : ; Pan ily | } Lines of Magnetic Induction, . 609 Non-Arcing, Metal . 3 : 
Galvanometer, Oil Vessel - 600 | Insulator, Battery . 3 su 2s OOS Load Diagram, V3 ; - 608 | Non-Magnetic Watch, . : ° 
Galvanometer Plug, Dead Beat 600 Insulator, Floor, . 2 ; : 604 Load Factor 4 defies gt : 609 *‘Non-Polar’’ Dynamo, 5 
Galvanometer, Speaking’ . ; 600 | Insulator, Pull-off ... : ©, 614 Load, Peak of . ; ; ee LENG es oes : 
Galvanometer, Tangent, Universal 601 Insulator, Section sateen Sasi OOLS ee | Lock Switch Sissel OO Ah Qe 
Galvanometers, Rotating Standfor 621 Insulator, Strain = 0-5. - 604 e Pose; GAR ae Pe O09) 4 -Oerstedas susan am ks eee 
Gas Lighting, Electric Torch - 627 | Insulator, Transposition . ; 604 " di ha Bea cence, . PATS REROO Ohm, International. : 
Gauge, Ampere . ae sere -- :601 Instrument, Checking . : - 590 ¢ Luminous Absorption, .. : _ 9583 Oil Bath, . Y sete 
Gauge, Brown & Sharp : Oat Instrument, Illuminated Dial. 603 Oil Vessel Galvanometer, ‘ 
Gauge, Edison, Wire . ; - 631] Instrument, Zero... j . 632 NC 609 One-Coil Transformer, . 
Gauge, Wire, Birmingham .° . 63{ {| Intake, . Sethe SOc ig cent (05 Re. . NM, Cred aie eh Ghee G Oscillator, Hertz’s  . 
Gauss, .., ; RS eaneet es 601 Interior Conduit, . : . 593 Magnet, Striking . ; : - 622 | Ozokerite, ‘ ‘ 
Geissler Tube, Rotator. . . 619 Intermediate Switch, . . . 624 | Magnet Winder... . |.” -. “« 680 
Gilberto Se ae ee a re eae Buy International Ampere, .,_. . 584 Magnetic, Automatic. Circuit. . + @® 
Grothuss’ Hypothesis, . : - 601 | International Coulomb, Ue 593 pe 2 Breaker... : CARER: BOI: |) aces ° : : : 
Ground Detector, shunts “07 Q00” |s-Inteenational Farad, . >) ggg : } Magnetic Circuit, Air .  . 609° Paint, HeatIndicating . 
Ground Indicator, .. <<. 3°. G01 InternationalOhm ., ., _ sa OLL . Magnetic Circuit. Closed - s 609 | Panel Board, Sifter 
Guard, Lampe) os. we 607 International Volt,. . . ~. 699 Magnetic Cut-out, >. . 691 | Paper Winder, Automatic . 
Guard, Running Wires : SB ; ‘ j Magnetic Figures, . ; es O09 oH Paste Joint;ss:0coe . ke . 
ie Joint,'Insulating  , A +. « 605 | Magnetic Induction, Lines of -.~ 609 Peak of Load, . 
wu. ol ; goa Pront Baste ee 60 Magnetic Phantom, soe eee 70091) en: Carriages iis, ets 
? x i : : ; | Joint, Sleeve . . ° - + 605 Magnetic Source, ; i F 621 Pendant Pull,;Switch . 
Hand Rule. Fleming's’ , : - 602 | Jumper, : ; : 5 : 605 | Magnetic Spectrum, ; ; . 609 | Permittance,...'.° . 
Head, Cable goa eee iro ROOOR , | Magnetic Tester, » + 4 626 | Phantom Magnetic; Dera 
Peat Ceo Glee hase ne 500% | oma, : | Magnetite eri est ss) ark, 609 Ve Phase Detector a. teas 6. ao 
Heat, Indicating, Paint . . 611 Key, Mouth . Sheth arecers ere Olas Main, Vertical . . - . 619 || Phase, Splitting the ele ermne 
Helmholtz, Galvanometer . . 670 Heys Multiple gcc? pads ee OO ee { Manual Translation - « , 603 | Photo-Chronograph, Polarizing 
Hertz’s Oscillator, c ° oe Ol Key, Pistol . ° e pre aa oss 606 - Al Marconi’s Relay ‘ ¥ ; Z é 617 Photo-Fluoroscopy. is ° ° 
Hertz’s Radiator, 3: 6.2% - 611 | Key, Reaction.  ., . - . . 606 Marker, Time. .. : . 627 | Photometer, Flicker 
Heteropolar Dynamo, * ; 596.| Key Runners 3 ; ‘ , 606 Marking Current : : 594 Photometer, Napoli’s 
High Resistance Lightning Arrester, 608 Key, Signaling : : : 2 6) _ ee Metal. Non-Arcing : : - 610 | Phonogram;:....). . : : 
Homopolar Dynamo, _, ; - 996 | Key, Strap . : : : ; 606 { - Metallic Circuit, Balanced . : 586 | Phonoplex Telegraphy, . : . 
Horus, Bone of, 2 2608 Key, Successive Contact = pte AG06 | Metallic Reluctivity,. «; =... 618;| Pilot Motors caieing (te ees 
Human Relay Working ; - 603 Key, Switch . 2 , E : 624 Meter, Telephonic "'. e610] Pin : Soret 
Humming of Transformer, - 603 | Key, Touch ., . : ° . 606 Meteorograph, Electric. . . 610 | Pins, Core, 
Hydraulic Analogy, : ; . 584 | Konstantan, . : : ; : 606 \ Metronome, Registering +». 610 :| Pistol, Key : ; 
Hypothesis, Grothuss’ coe e 601 Micanite;me 276. teh. acs fs) GL0.»| “Pitch ofan Alternator 
: : I | Mil-ammeter, .” . ° . .. 610; Plate, Induction 
Reniter,-Blectrice-< 7. 255 as 609 Dag Angle-of# res oth! eng Milliammeter,/, .  .  . ..610:| Plate Stove, Electric 
Illuminated DialInstrument, . 603 Hamp Bulby ei. ; - 606 Milli-amperemeter, * rue oe  OlOn 1 Plug, ‘Attaching: 2 +4: Seas 
Illuminated Electrical Fountain, 600 | Lamp Bulbs, Blackening of 3 607 “Hy : Mitis Metal. .. 3 ; - 610.) Plug, Galvanometer Dead Beat, 
Fnation, Cosine Lawof. ons, Peon PAcicney, gt Sepia shone Bue eter er, foe ae . 610 | Pneumatic Rodding, .  . 
mpedance’Factor,,°. .. |... 699 amp, Enclosed Arc . . , 0 anocucli Alternator,. . . 583 | Point,Smashing . .  .° 
Independent Vibrator, . : - 629 | Lamp Guard, . - ; : - 607 || Mee Coane : : 610 | Polarizing, Photo-Chronograph . 
Indicating Heat, Paint , c 611 | Lamp Stand and Scale, a ks 607 Motor. Constant-potential . - 610 | Pole, Anchor: stats ° : 
Indicating Push Button, eee OIE Lamp, Theater . : ; - 607 Motor. Dynamo . . : ; 597 Pole, Center, : ‘ 
Indicating Switch, ; , ". 624 Leading-in Cups, 3 ‘ ; 594. ) Motor. Pilot, . : : : . 610 Pole, Composite Anchor 
Indicator, Balance a ee i - 586 Lecture Galvanometer, . ; - 600 1?) Mouth. Key F : ‘ 2 605 Pole Indicator, : 
Indicator, Comparative j ; 592 Legging-Key Board, . ‘ ; 607 Multicellular Voltmeter, : . 629 Pole Top, .. a 
Indicator, Ground : : 001) -Light-Indicator, <5 <7 309 607 ! Multi-circuit Dynamo, - «. 696 | PoleS’Bushed = . . 
Indicator Light, . i ; , 607 Lightning Arrester, Air Expansion 608 } Multiphase Alternator. . % . 584 Portative, ‘Electro-Magnet 
Indicator Pole, mies : - 613 | Lightning Arrester, High Resist- Multiphaser nee - . 684 | Prefixes‘6fScientific Units, 
Indicator, Pressure : 5 614 ance 608 M jon 


Lightning Arrester, Non-Arcing . 608 
Lightning Arrester, Swinging Ball 608 ! 
Lightning, Ball . - 586 t 
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- : ici 3 : : 611 Process, Boucherizin 
Induction Plate, ; : 603 | Lighting, Gas Electric, Torch . 627 peunicipal System, Process, Birnettizing . 
Insulating Cements, : ; - 605 | Lighting, Vacuum Tube ‘ - C07 ' Projector, 220. ee A : : 
Insulating Joint, ° ° 3 é 605 Lights, Border ° . 6 5 587 ' N, vu, ° © 3 : a 611 Pull-off Insulator, : 
Insulating Table, . ‘ ; . 605 Lights, Bunch . 5 A Z . 588 Be: Napoli’sPhotometer, . . ; . 613 Pull-over, © -- 
Insulation, Electric é , 605 


Line, Artificial . . . . 608 Needle Drittiofcs <2 our se 8 S698 Puncturing of Insulation, wt 
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Push-Button, Indicating 614 Search Light, Pisa . 619 
Push-Button, Switch . 625 | Secohmmeter, : 620 
Push, Sounder . 614 Section Box, . és y 620 
Section Insulator, ioe 5 604 
Quadmeter,. . =. . 514 | Selector Signal, sate 621 
selects valk: a . 629 
elf-Regulatin rookes’ Tube - 628 
mR, ot 5 614 Shoe, Electric e : ue 620 
Radiator, . z 3 615 Shunt Box, Compensated 620 
Radiator, Hertz’s ; 611 Shunt Box, Universal . , 620 
_ Radiograph, . 5 : 615 | Siebrosal, . 620 
Radiography, ; : 615 | Signal, Electric Elevator 597 
Bac le-micrometers ; : . 615 | Signal, Individual . 621 
Rail, Bond . a 587 | Signal, Selective . 621 
Railway Conduit, eink iee 593 Signaling Key, ; 606 
Rake, . : ° : 615 | Sign, Electric abi’ 621 
Rays, Becquerel . ; é . 615 | Silence Cabinet, 627 
Rays, Cathodic . 615 | Sinistrorsal, . 621 
Rays, Réntgen ~ . . ‘ 616 | Skew Adjustment of Carbons, 621 
Rays, X é ;: ; ‘ 616 Skiagra A 5 ; 615 
Reactance, : ; . 616 ] Sleeve Joh : 5 ; 605 
Reactance Factor, : ; 599 | Smashing Point, . . 621 
Reaction, Key ; ; : 606 | Socket, Bushing . 588 
Receptacle, . £16 | Socket, Regulating 617 
‘Receptacle, Candelabra . : . 616 | Sounder Push, 614 
‘Recorder, Sunshine, Electric 623 | Sounder, Resonator. : ; 618 
Rectifier, Alternating Current 616 Soundproof Telephone Cabinet, 626 
‘Registering Metronome, 610 | Source, Electric ; 621 
Regulating Socket, . - 617 | Source, Magnetic . 621 
Relay, Double Balanced 617 | Spacing, Current. 594 
Relay, Human Working . 608 | Span Guard Wires, . 631 
‘Relay, Marconi’s.. . 617 | Span Wires, 632 
Reluctancy, . J : - 618 | Speakin Galvanometer, 600 
‘Reluctivity, ; A 618 | Specific esstance, 618 
-Reluctivity, Metallic. . 618 | Spectrum, Magnetic 609 
‘Reorganizer, Current . 597 | Spiral, Bismuth . . 586 
.Resistance Coils, Aging See 618 | Splitting the Phase, ; : . 621 
Resistance, Specific . A 618 | Squirted Filament, . ‘ “ 599 
‘Resistivity, 5 618 | Stage Box, 621 
‘Resonator, Sounder. 618 | Stand, Rotating, for Galvanometer 622 
Rest, Arm . : 585 Starting BOxjie iis ° : . 622 
Rest, Elbow 5 : 585 | Stator, . eens 622 
Retarding Disc, . 618 | Steam Dynamo, : ° ; 622 
Rheostat, Continuous 618 | Steno-Telegraphy, : : 622 
Rheostat, Enamel 618 | Stove, Plate, Electric , 613 
Ring, Toothed Armature 585 | Strain Insulator, . 604 
Riser, . 619 | Strap Key, ; 606 
Rodding a Conduit, 619 | Striking Magnet, . 622 
: Rodding, Pneumatic 619 | Strut, . . 622 
Rontgen Rays, - “ 616 | Stub, "Anchor Guy ; 622 
Rosette, Ceiling 619 | Sub-divided Condenser, . 592 
: Rotary Transformer, 597 | Sub-station, . 622 
Rotating, for Galvanometer, Stand, 621 Successive Contact Key, ‘ 606 
Rotator, Geissler Tube . ; . 619 Sunshine Recorder, Electric 623 
ROOLOL, > on os 619 | ‘*Superior,’’ Wire . 632 
' Runners, Key . 606 | Swinging Ball, Lightning Arrester 608 
Running. Guard Wires 631 | Switch, Automatic. . 623 
Switch, Automatic Telephone . 623 
Scale and Lamp Stand, 607 Switch, Battery. 623 
Scientific Units, Prefixes of 614 Switch’ Board Construction, Edge- 
Screen, Fluorescent 640 wiseSystem . ~. «- « 59% 
pSealing-in, 6 eo = bie 58s 619 ' Switch,Canopy . . + .~ 628 
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Switch, Chandelier . 
Switch, Combination . 
Switch, Commutation 
Switch, Double Throw 
Switch, Electrolier . 
Switch, Flush 

Switch, Indicating . 
Switch, Intermediate ; 
Switch, Key 


* Switch, Lock 


Switch, Pendant Pull 
Switch, Push Button . 
Switch Throw-Over, 
Switch, Voltmeter, 
System, Municipal 


Table, Insulating 
Tachometer, . 
Tailings, : 

Tamping Bar, . 


Tangent, Universal Galvanometer 


Tap, Current ‘ 
Telegram, : 
Telegraphy, Phonoplex — ° 
Telegraphy, Wireless. 


Telephone, Automatic Exchange 


Telephone, Automatic Switch 
Telephone Booth, . 
Telephone Cabinet, Soundproof 
Telephonic Meter, . 5 
Terella, : 5 < : 
Tesla’s Coil. : 

Tesla Discharge, . 

Test Board, . 5 

Tester, Cell . : 

Tester, Magnetic . 
Testometer, . A 
Tetrapolar, 

Theater Dimmer, 

Theater Lamp, 


Thermo-galvanometer, 


Throw-over Switch, 

Time Ball, Electric 

Time Marker, A 6 

Tie, Wire 5 

Toothed Ring Armature, 
Lop. Poles =; 

Torch, Electric Gas Lighting 
Torque, Apparent Eiiciency: 
Torque, Efficiency . 


Touch Key, . é 5 ; 


Tracer, Ewing's Curve . : 
Tractive, Electro Magnet . 
Transformer, Humming of 
Transformer, One-Coil 
Transformer, Rotary . 
Translating Device, 
Translation, Manual 


Translator, . 


Transmitter, Automatic 


Transmitter, Continuity Pre- 


serving, . ° ° 5 


Transposition, Insulator 

Transposition Wires, 

Trigger, Door 

Trimming, 

Trip, Electric Door 

Triphase, Alternator, 

Triphaser, . 

Trolley Line, Anchoring of 

Tube, Crookes’ 

Tube, Crookes’ 
Vacuum 

Tube, Crookes’ "Focus . 


Tube, Crookes’ Self Regulating 


Tubulating, . . 
Turbo-alternator, 
Turbo-generator, 
Twin Conductor, 


U, e e e ° 

Uniphase Alternator, 
Uniphaser, . : 
Units, Scientific Prefixes A 


Universal Galvanometer, Tangent 


Universal Shunt Box, . 


Ws 
Vacuum, Circuit Breaker 


Vacuum Tube Lighting, ., 
Vertical Main, . ; 4 
Vibrator, Independent 


Voltaic Cell, Electrical Capability 


Volt-ammeter, 5 ‘ 
Voltance, . , 
Volt, International _ “ 
Voltmeter, Multicellular 
Voltmeter, Multipler for 
Voltmeter Switch, 

Volt Selector, 

Volume, Winding 
Vulcanized Fibre, 


W, 
Wall-box, ( 
Wall Socket, 


- Wand, Electric, 


Watch, Anti- ‘magnetic 
Watch, Non-magnetic 
Water and Wind Line, . 
Weber, . 

Working, Human Relay 
Wind and Water Line, 
Winder, Magnet. 
Winding Volume, 

Wire, Annunciator . 

Wire Barrow, 

Wire, Bimetallic 

Wire, Fuse 5 

Wire Guage, ‘American . 
Wire Guage, Birmingham . 
Wire, Composite . ° : 
Wire Gauge, Edison . ° 


Adjustable 


Vacuum "Tube, Crookes’ Adjustable 
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Wire Office, . 2 . .« 681 | Wires, Span Guard . 
Wire, ‘‘ Superior ”’ : : A 632 | Wires, Transposition . 
Wire, Tie . : : ; , . 632 
Wireless Telegraphy,  « 625 | MK Rays, . oi Ss 
Wires, Running Guard. .. .. 631 | | a 
Wires, Span. . ° — moo: 681 |- Zero Instrument,,) 
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MEGHANIGAL MOVEMENTS, 


POWERS, DEVICES, AND APPLIANCES. 


By GARDNER D. HISCOX, [i.B.. 
Author of “Gas, Gasoline, and Oi} Engines.” 


Sve. Over 400 Pages. 1649 Illustrations, with Descriptive Text. 
PRICE $3.00. 


A dictionary of Mechanical Movements, Powers, Devices, and Appliances, with 
1649 illustrations and explanatory text. This is anew work on illustrated mechanics, 
mechanical movements, de-ices, and appliances, covering nearly the whole range 
of the practical and inventive field, for the use of Mechanics, Inventors, Engineers, 
Draughtsmen, and all persons interested in mechanical contrivances. 


SErCTIONsS. 


Section I. Mechanical Powers.—Weights, Revolution of Forces, Pressures, 
Levers, Pulleys, Tackle, etc. 


Section II.. Transmission of Power.—Ropes, Belts, Friction Gear, Spur, 
Bevel, and Screw Gear, etc. . 


Section III. Measurement of Power.—Speed, Pressure, Weight, Numbers, 
Quantities, and Appliances. 


Section IV. Steam Power—Boilers and Adjuncts.—Engines, Valves and 
Valve Gear, Parallel Motion Gear, Governors and Engine Devices, Rotary En- 
gines, Oscillating Engines. j 

Section V. Steam Appliances.—Injectors, Steam Pumns, Condensers, Sepa- 
rators, Traps, and Valves. = 


Section VI. Motive Power—Gas and Gasoline Engines.—Valve Gear 
and Appliances, Connecting Rods and Heads. 


Section VII. Hydraulic Power and Devices.—Water Wheels, Turbines. 
Governors, Impact Wheels, Pumps, Rotary Pumps, Siphons, Water Lifts, Eject- 
Bap wale Rams, Meters, Indicators, Pressure Regulators, Valves, Pipe Joints, 

‘ilters, etc. 


Section VIII. Air Power Appliances.—Wind Mills, Bellows, Blowers, Air 
Compressors, Compressed Air Tools, Motors, Air Water Lifts, Blow Pipes, etc. 


Section IX. Electric Power and Construction.—Generators, Motors, Wir- 
ing, Controlling and Measuring, Lighting, Blectric Furnaces, Fans, Search Light 
and Hlectric Appliances. ‘ 


Section X. Navigation and Roads.—Vessels, Sails, Rope_Knots, Paddle 
Wheels, Propellers, Road Scraper and Roller, Vehicles, Motor Carriages, Tricy- 
cles, Bicycles, and Motor Adjuncts. 


Section XI. Gearing.—Racks and Pinions, Spiral, Elliptical, and Worm Gear, 
Differential and Stop-Motion Gear, Epicyclical and Planetary Trains, “ere 
guson’s”’ Paradox. 


Section XII. Motion and Devices Controlling Motion.—Ratchets and 
Pawls, Cams, Cranks, Intermittent and Stop Motions, Wipers, Volute Cams, 
Variable Cranks, Universal Shaft Couplings, Gyroscope, etc. 


Section XIII. Horological.—Clock and Watch Movements and Devices. 


Section XIV. Mining.—Quarrying, Ventilation, Hoisting, Conveying, Pulver 
izing, Separating, Roasting, Excavating, and Dredging. 


Section XV. Mill and Factory Appliances.—Hangers, Shaft Bearings, Ball 
Bearings, Steps, Couplings, Universal and Flexible Couplings, Clutches, Speed 
Gears, Shop Tools, Screw Threads, Hoists, Machines, Textile Appliances, etc. 


Scction XVI. Construction and Devices.—Mixing, Testing, Stump and Pile 
Pulling, Tackle Hooks, Pile Driving, Dumping Cars, Stone Grips, Derricks, Con- 
veyor, Timber Splicing, Roof and Bridge Trusses, Suspension Bridges. 

Section XVII. Draughting Devices.—Parallel Rules, Curve Delineators, 
Trammels, Ellipsographs, Pantographs, etc. 


Section XVIII. Miscellaneous Devices.—Animal Power, Sheep Shears, 
Movements and Devices, Elevators, Cranes, Sewing, Typewriting and Printing 
Machines, Railway Devices, Trucks, Brakes, Turntables, Locomotives, Gas, Gas 
Furnaces, Acetylene Generators, Gasoline Mantle Lamps, Fire Arms, ete. 


¥,* Prepaid to any address on receipt of price ™ 





NORMAN W.HENLBEY &CO,, Publishers, 


132 NASSAU STREET, NEW YORK. 















THIRD EDITION. 





~The Engine Runner's Catechism, 


+ 


| BY = 
ROBERT GRIMSHAW, M. E. 


Author of “Steam Engine Catechism,” etc. f 


Telling how to Erect, Adjust, and Run the Prin- 
cipal Steam Engines in use in i 
the United States. 





CONTENTS : 


PRINCIPAL FEATURES OF VARIOUS SPECIAL MAKES 
OF ENGINES, VIZ.: 

Armington & Sime, Atlas, Buckeye, Cummer, Eclipse: Corliss, 
Fitchburg, Fraser & Chalmers’ Corliss, Frick-Corliss, Greene, 
Ide, Porter-Allen, Porter-Hamilton, Putnam, Russell, Straight- 
Line Twiss, Watertown, Westinghouse, Wheelock. 


TEMPER Cut-OFF, SHIPPING AND RECEIVING FOUN- 
DATIONS, ERECTING AND STARTING, VALVE- 
SETTING, CARE AND USE, EMER- 
GENCIES, ERECTING AND AD- 

JUSTING SPECIAL 

: ENGINES : 


Armington & Sims, Atlas, Buckeye, Corliss, Fitchburg, Fraser & | 
Chalmers’ Corliss, Gardner, Harris-Corliss, Ide, New Economizer, 
Phoenix, Porter-Allen, Porter-Hamilton, Putnam, Rollins, Russell, 
Straight-Line, Watertown, Westinghouse, Wheelock, Whiting, 


Woodbury-Booth. 





Third Edition. 366 Pages. Fully llustrated. 


HANDSOMELY BOUND IN CLOTH, $2.00. © 


NORMAN W. HENLEY & CO., PuBLisHERs, 
3 132 NASSAU STREET, 
NEW YORKe 
Copies sent on receipt of the price. 
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Eleventh and Enlarged Edition, Just Issued. 


The Steam Engine Catechism. 


By ROBERT GRIMSHAW, M. E., 


Author of ‘‘ ENGINE "RUNNER'S CATECHISM, 1288 LocoMmorivE CATECHISM, ”” Eleventh 
Edition, ‘‘ BorLER CATECHISM, 1 6 Sop KINES,’” etc., etc., etc. 








A Series of Direct Practical Answers to Direct Practical Questions, 
Mainly Intended for Young Engineers and for Examination 
Questions. 





NEARLY 1000 QUESTIONS WITH THEIR ANSWERS. 


Two Volumes Bourd in One Volume, 418 Pages, Fully Illustrated. 
| PRICE, $2.00. : 


se Oe ee 


What is said of this book: 





UNITED STATES GOVERNMENT ENDORSEMENT. 


NAVY DEPARTMENT, 
BUREAU OF STEAM ENGINEERING, 
: Washington, D. C. 

‘¢ | am of the opinion that for the practical instruction of students and young en 
gineers, Grimshaw’s ‘Steam Engine Catechism’ and ‘Engine Runner’s Catechism’ 
are of great value, besides containing many points of use to those older in the profession.” 

eG (Signed) G. W. MELVILLE, Engineer-in-Chief, U. 8. A. 





ss A valuable work, technically correct and up to date. Should be in every engineer’s 
ds. ?— Marine Journal. 
es * * Lt will serve admirably as a guide to those about to be examined for a license 
or for admission to engineering societies, etc. It is liberally illustrated and supplied 
with reference tables. The title of this book is so complete that its design may be 
comprehended at a glance. It is a practical work intended for practical men. ’’—Age 


x nt ‘tis a handy volume to have about, in this day of Civil Service examinations. *’— 


ineering News. : 
ia all only young engineers, put all who desire rudimental and practical instruction 
in the science of Steam Engineering, will find profit in reading the ‘ Steam Engine 
Catechism’ by Robt. Grimshaw. Mechanical News. 


Lack of space prevents us from printing hundreds of testimonials 
_ similar to the above. . 





NORMAN W. HENLEY & CO., Publishers 
132 Nassau Street, New York 











JUST PUBLISHED. 


Tenth Edition, Revised, Enlarged and Reset. 


Gas, Gasoline and Oil Engines’ 


By GARDNER D. HISCOX, M.E. 





THE ONLY-ATIERICAN BOOK ON AN. INTERESTING 
SUBJECT. 


41% Pages. Large Octavo, Illustrated with 312 Handsome Engravings 


PRICE = = «= = = $2.50 


Full of general information about the new and popular motive 
power, its economy and ease of management. Also chapters on 
Horseless Vehicles, Electric Lighting, Marine Propulsion, ete. 


- =: = SPECIAL CHAPTERS ON - - - 


Theory of the Gas and Gasoline Engine, Utilization of Heat 
and Efficiency of Gas Engines, Retarded Combustion and Wall 
Cooling, Causes of Loss and Inefficiency in Explosive Motors, 
Economy of the Gas Engine for Electric Lighting, The Material 


of Power in Explosive Engines, Carbureters, Cylinder Capacity, | 


Mufflers, Governors, Igniters and Exxploders, Cylinder Lubrica- 
tors, The Measurement of Power, ''he Indicator and its Work, 
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